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(54)'nfle: NOVEL TGF-^ UKE CYTOKINE 
(57) Abstract 

A novel IXSP-fi like cytokine is described which has been 
designated pCL13. Polynucleotide molecules encoduig pCL13 and 
biologically active fragments are also desoibed as well as methods 
of expression and uses of die proteins, foments and polynucleotide 
molecules. 
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family members. The pi-LAP is cleaved from the mature protein, but 
remains disulphide bonded to it. Separation of the pi-LAP is necessaiy to 
achieve biological activity (2). 

The TGF-P proteins have been studied intensively because of their 
5 biological importance and therapeutic potential. Their biology and 

functions are well known and have been extensively reviewed (e.g. 2, 3, 4). 
In general terms they promote differentiation and differentiated function in a 
wide variety of cells. They are potent chemotactic factors for macrophages 
and fibroblasts and generally inhibit cell proliferation, perhaps because of 

10 their role in differentiation. In the context of inflammation, TGF-p is a 
potent stimulator of fibroblast collagen and matrix protein synthesis, 
promotes angiogenesis, modulates expression of adhesion molecules and 
inhibits lymphocyte proliferation, production of some lymphokines and NK 
cell function. This molecule has been of great interest to the pharmaceutical 

15 industry mainly, because of its demonstrable capacity to promote wound 
and fracture healing in vivo. T6F-P has also been heavily implicated in the 
pathogenesis of chronic inflanunatory processes and mechanisms. Fmrther, 
its local production has been used as a surrogate marker e.g. in active 
fibrotic diseases such as cirrhosis and it therefore has potential in the 

20 diagnostic arena. 

The present inventors have now isolated a polynucleotide molecule 
including a novel cytokine gene, clone 13 (CL13), which encodes a dimeric 
protein (pCL13) that appears to represent the first member of a new class of 
protein within the TGF-p superfamily. 

25 Thus, in a first aspect, the present invention provides an isolated 

polynucleotide molecule comprising a nucleotide sequence encoding, or 
complementary to a sequence encoding, a protein designated pCLl3 or a 
biologically active fragment thereof. 

The isolated polynucleotide molecule may comprise a nucleotide 

30 sequence the same as that of the CL13 clone described herein or may contain 
single or multiple nucleotide substitutions and/or deletions and/or additions 
thereto. The nucleotide substitutions which are envisaged may result in one 
or more conservative or non-conservative amino acid substitution(s). By 
conservative substitutions, the intended combinations are - G,A; V,I,L,M; 

35 D,E; N,Q; S,T; K,R,H; F,Y,W,H; and P,Na-alkylamino acids. The term 

"nucleotide sequence" also includes sequences with sufficient homology to 
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NOVEL TGF-B UKE CYTOKINE 

This invention relates to a novel TGF-p like c]rtokine and to isolated 
poljmucleotide molecules encoding this protein. Particular applications of 
5 the invention may include treatments for wound and fracture healing, 
treatments and diagnostic assays for cancer, autoimmune and fibrotic 
diseases. 

Macrophages play a central role in chronic inflammatory processes. 
The importance of these cells derives from the large variety of bioactive 

10 molecules that they produce and consequently, their capacity to amplify the 
inflammatory response. Their central role is also due to their capacity for 
communication with many other cells. For example, macropage derived 
platelet derived growth factor (PDGF) is an important growth factor for both 
fibroblasts and smooth muscle cells. Another group of proteins of great 

15 significance in the relationship of macrophages with various connective 

tissue cells (e.g. fibroblasts, smooth muscle, endothelium osteoblasts etc) are 
the TGF-p superfamily cjrtokines, especially the TGF-p proteins themselves. 

The TGF-p superfamily consists of growth and differentiation factors 
that share substantial structural homology (1). In vertebrates, individual 

20 families comprise the TGF-p proteins themselves, the growth and 

differentiation factors (GDF)(embryomc growth and development), the bone 
morphogenetic proteins (BMP)(induce cartilage and bone formation), the 
inhibins and activins (regulate FSH secretion by pituitary), and midlerian 
inhibitory substance (MIS)(regression of Mullerian duct during male sex 

25 differentiation). These proteins share important structural features. Their 
bioactivity resides in the carboxyterminal region of 100-150 amino acids. 
Over this region^ members of this superfamily share about 30% sequence 
identity to TGF-pi and have 7 conserved cysteine residues. Within 
individual subgroups of the superfamily, proteins share 70% to 90% identity 

30 over the bioactive carboxy terminal domain. All superfamily members are 
thought to be cleaved at a cluster of basic residues 110 to 140 amino acids 
from the carboxy terminus of a precursor protein. Processing occurs 
immediately following a conserved RXXR sequence. 

The three hxunan TGF-p proteins share 80% sequence similarity over 

35 the bioactive portion of the molecule. The pro peptide (called latency* 
associated peptide (Pl-LAP) ) displays less than 50% similarity between 
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cell lines, or may be produced recombinantly by any of the methods 
common in the art (5). 

In a third aspect, the present invention provides an organism 
transformed with the polynucleotide molecul&.o£ihe first aspect of the 
5 present invention. 

The organisms which may be usefully transformed with the 
polynucleotide molecule of the first aspect include bacteria such as B.coli 
and B,subtilis, eukaiyotic cell lines such as CHO, fungi, yeast, non-human 
animals and plants. 

10 Transformed or transgenic, non-human animals may be established 

to, for example, overexpress CL13, pCLl3 or a biologically active fragment 

thereof or, alternatively, generate antisense or ribozyme RNA molectdes to 

inhibit native CL13 expression. 

In a fourth aspect, the invention provides an antibody or fragment 
15 thereof specific to pCL13 or an antigenic portion thereof. The antibody may 

be polyclonal or monoclonal and maybe produced by any of the methods 

common in the art 

It is also to be understood that the invention relates to kits for 

diagnostic assays, said kits comprising an antibody according to the fourth 
20 aspect of the present invention or nucleotide primers for PGR based assays. 

In a fifth aspect the invention provides a protein or antigenic portion 

thereof, capable of binding to an anti-pCLl3 antibody. 

pCLl3 is suitable for in vivo and in vitro procedures involving both 

human and animal cells. pCLl3 is also suitable for both medical and 
25 veterinary use. In particular, pCL13 may be suitable for methods of 

treatment for any disease or condition beneficially treatable with TGF-p or 

another member of the TGF-p superfamily. 

In a further aspect, the present invention provides a method of 

treatment to assist wound and/or fracture healing and/or ischaemic injury, 
30 comprising administering (for example, orally, topically, intravenously or 

subcutaneously) to a subject a preparation comprising a protein, or 

biologically active fragment thereof, according to the second or fifth aspects 

of the present invention, optionally in admixture with a suitable 

phannaceutically acceptable carrier. 
35 The protein, or biologically active fragment thereof, according to the 

second or fifth aspects may also be useful for one or more of the following: 
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hybridise with the nucleotide sequence under medium or, more preferably, 
high stringency conditions (5) and to nucleotide sequences encoding 
functionally equivalent sequences. In addition, the term "nucleotide 
sequence" includes sequences having at least 70%, more preferably 90%, 
5 homology to clone 13 described herein or any portion thereof of > 10 
nucleotides in length. 

Most preferably, the isolated polynucleotide molecule comprises a 
nucleotide sequence substantially corresponding to the nucleotide sequence 
shown in Figure 1 or a portion thereof, or a complementary sequence 

10 thereto. The term "portion thereof, in this regard, is to be understood as 
referring to portions of the nucleotide sequence which encode biologically 
active protein fragments and also, to portions of the nucleotide sequence, 
preferably >10 nucleotides in length, which may be used in, or for the 
production of probes useful for, hybridisation assays. 

15 The present invention also further extends to oligonucleotide 

primers for the above sequences, antisense sequences and homologues of 
said primers and antisense sequences, complimentary riboz3rme sequences, 
catalytic antibody binding sites and dominant negative mutants of the 
polynucleotide molecule. 

20 In a second aspect, the invention provides a protein designated 

pCLl3, or a biologically active fragment thereof, in substantially pure form. 

Preferably, the protein, or biologically active fragment thereof, 
comprises a monomeric polypeptide having an amino acid sequence 
substantially corresponding to the amino acid sequence shown in Figure 1 or 

25 a fragment thereof. 

Biologically active fragments thereof as mentioned in the first and 
second aspects rafers to monomeric pCLlS polypeptides (with or without the 
propeptide) and other polypeptide or peptide portions (whether monomeric 
or dimeric) thereof which may consist of sequences which inhibit, mimic or 

30 enhance the biological effect of the protein and dominant negative protein 
mutants, binding proteins including soluble receptors, other protein and/or 
glycosaminoglycans. The pCLl3 propeptide may also represent a 
biologically active fragment of pCLl3. 

The protein, or biologically active fragment thereof, according to the 

35 second aspect may be purified irom natural sources (e.g. Ixmgs, skin etc) or 
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The invention thus further resides in a heteiodimeric protein 
comprising a monomeric polypeptide of pCLl3 together with a monomeric 
polypeptide of another protein from the TGF-p superf amily. 

pCL13 or biologically active fragments thereof may be formulated 
5 into standard pharmaceutical compositions suitable for the administration of 
proteins. Suitable formulations can be found, for example, in Remington's 
Pharmaceutical Sciences, latest edition, Mack Publishing Company, &ston, 
PA. 

The dosage levels of pCLl3 or biologically active fragments thereof 
10 may be comparable to those useful for other members of the TGF-P 

superfamily. These levels are well imderstood in the art, and the precise 
dosage can be adjusted according to the condition of the subject, the mode of 
administration, and the judgement of the attending physician. 

Possible diagnostic applications include diagnosis of cancer, 
15 inflammatory and fibrotic disorders such as rheumatoid arthritis, cirrhosis 
and altherosclerpsis in which enhanced synthesis of this gene may be 
present 

To facilitate the abovementioned applications for pCL13, it will be 
necessary to produce the protein in large quantities. However, extensive 

20 studies with other protein members of the TGF-p superfamily, has revealed a 
number of difficulties in achieving expression in commercial amounts. For 
instance, expression in simple prokaryotic systems are largely imsuitable 
since members of the superfamily are cysteine knot dimeric proteins having 
a complex pattern of disulphide bond linkages. 

2 5 The current strategy for expression of TGF-p superfamily proteins is 

therefore to express the whole protein from a suitable DNA construct 
transfected into mammalian cells. However, this strategy necessitates 
treatment of the culture supernatant to separate processed (cleaved) 
bioactive mature protein from the propeptide and xmprocessed (uncleaved) 

30 material. This creates additional costs and difficulties because some of the 
expressed material is non-productive as typically 30%-50% of the secreted 
material will not be appropriately cleaved. The additional chromatographic 
procedure also generates extra losses of protein and incurs additional cost 
and time. 
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(i) Immunosuppression and anti-inflammatory effects for conditions 
such as autoinmnme diseases or transplantation; 

(ii) Down regulation of leukocyte extravasation and motility in infective 
or inflanmiatoiy processes; and 

5 (iii) Treatment of tumours through promotion of differentiation and 
antiprolif eration action. 

Such uses may be achieved by administration of the protein, or a 
biologically active fragment thereof, to a subject, or by gene therapy using all 
or part of the polynucleotide molecule of the first aspect Such gene therapy 
10 nmy be used to, for example, establish overexpression of CL13, or pCL13 or a 
biologically active fragment thereof in the host cell or, alternatively, to 
generate antisense or ribozyme RNA molecules to inhibit native CL13 
expression. 

It is also possible that inhibiting the action of pCLlS may provide 
15 treatment of fibrotic/fibroproliferative disorders such as rheumatoid arthritis, 
atherosclerosis, pulmonary fibrosis, scleroderma, liver cirrhosis and keloids, 
and inhibition of tumour immtmosuppression associated with conditions 
such as tumours, infections (especially viral) and chronic inflanunatoiy 
diseases. These treatments may be achieved by using; 
2 0 fragments or peptides of the pCLlS protein that inhibit receptor 

binding; 

binding proteins for pCLl3 including soluble receptors for this 
molecule, glycosaminoglycans, and other molecules which may inhibit or 
destabilise receptor ligand interaction; 
25 antibodies directed at pCLl3 or its receptor; 

antisense or ribozyme strategies in which expression or stability of 
the pCLl3 gene product is distuxfoed; 

dominant negative mutants of the CL13 gene which, when expressed 
in a host cell, will destabilise or affect the activity of pCLl3. (As the pCL13 
30 protein is a dimer, a second gene product which has been modified may bind 
to the native pCLl3 to form a heterodimer). Thus, an appropriately modified 
pCLl3 variant may essentially render the pCL13 inactive through 
mechanisms such as enhanced degradation, aberrant intracellular trafficking 
and inhibition of export from the cell and inhibition of bioactivity.] 
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Previous efforts to express the mature bioactive portion of these 
proteins alone, has been unsuccessfuli indicating that the propeptide is 
essential for achieving expression and secretion. 

The present inventors, however, have been unexpectedly able to 
5 achieve expression and secretion of pCLl3 without expressing the leader or 
propeptide, using transfected manunalian cell cultures. 

Thus, in a still further aspect, the present invention provides a 
method for producing a protein designated pCL13 or a biologically active 
fragment thereof, comprising transfomtiing a suitable host organism with a 
iO polynucleotide molecide comprising a nucleotide sequence encoding pCL13 
or a biologically active fragment thereof, wherein said polynucleotide 
molecule is constitutively or inducibly expressed in said host organism. 

Preferably, the nucleotide sequence encoding the pCLlS or a 
biologically active fragment thereof, does not comprise sequence encoding 
15 the leader or propeptide of pCLlS. 

In place of sequences encoding the native leader or propeptide, it 
may be preferable to include within the polynucleotide molecule sequences 
encoding a heterologous leader (e.g. the follicle stimulating hormone (FSH) 
leader sequence) to assist expression. 
20 Suitable host organisms may be any of those mentioned above in 

respect to the third aspect of the present invention. However, preferred 
organisms include mammalian cell lines, yeast (e.g. Pichia and 
Saccharomyces) and non-human animals. 

Expression of only the mature bioactive portion of pCL13 thereby 
25 provides the following advantages: 

(i) Higher levels of expression; and 

(ii) No necessity to purify firom propeptide and unprocessed full 
length CL13 protein. 

Further, since it is not necessary to express the whole protein, it is 
30 possible and simple to add amino-terminal epitope tags (e.g. FLAG and/or 
HIS) that can significantly assist with the purification and visualisation of 
recombinant protein. 

Also, the capacity to express the mature bioactive portion of pCLl3 
in mammalian cells, indicates that it will also be able to be readily expressed 
35 in yeast strains, such as the Pichia pastoris which is capable of secreting 
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disulphide linked proteins. Production of protein in yeast is much cheaper 
and easier than production by mammalian cells. 

The invention will now be further described by way of the following 
non-limiting'examples and with reference to the accompanying figures. 

5 

Brief Description of the Figures 

Figure 1 provides the nucleotide sequence and putative amino acid 
sequence of clone 13 encoding pCLl3. 

Figure 2 shows CL13 expression in macrophage cultures. 
10 Panel A . 15 ^g total RNA was loaded per lane. Macrophage 

treatments were: lane 1, no treatment; lane 2, 1,000 U IFNy overnight, lane 3, 
1 ^iM retinoic acid overnight; lane 4, 1 nM retinoic acid overnight followed 
by 10 |ig/mL LPS for 3 hours; lane 5, 10 ^g/mL LPS for 3 hours. 

Panel B . 20 ^g total KNA was loaded per lane. Macrophage 
15 treatment were: lane 1, 1 (iM retinoic acid for 3 days followed by 10 ^g/ml 
LPS for 3 hours; lane 2, 1 ^M retinoic acid overnight followed by 50 nM 
PMA for 3 hows; lane 3, 50 nM PMA for 3 hours; lane 4, untreated 
macrophages. 

FigiUB 3 shows a northern blot analysis of clone 13 expression from 
20 macrophages treated with cytokines. All treatments were 3 hours. Lane 1, 
untreated macrophages; lane 2, 50 nM PMA; lane 3, 50 U/mL GM-CSF; lane 
4, 100 U/mL M-CSF; lane 5, 100 U/mL ILl-p; lane 6, lOng/mL TGF-p; lane 7. 
10 U/mL PDGF-BB; lane 8, 50 U/mL IL-2; lane 9, 100 U/mL TNF-a, lane 10, 
50U/mlIL^. 

25 Figure 4 shows a northern blot analysis of the expression of clone 13 

in U937. 20 |ig total RNA was loaded per lane on a 1.2% agarose denaturing 
formaldehyde geL Lane 1, no treatment; lane 2, 1 ^M retinoic acid for 3 
days, lanes 3, 4, 5, 6, 7, 1 ^M retinoic acid for 3 days followed by 160 nM 
PMA for 20 min, 1 h, 2 h, 3 h and 12 h respectively; lane 8, 160 nM PMA for 

30 3 h. Probes were labelled with ^^P. The blot was hybridized at 65'*C and 
subjected to post hybridization washes and autoradiography. 

Figure 5 provides a multiple sequence alignment of the carboxy 
terminal halves of pCL13 and other TGF-p superfamily members. 

Figure 6 provides the nucleotide sequence and putative amino acid 

35 sequence for clone 13 in construct C13LB. The coding region for the 
bioactive portion of pCLl3 commences with nucleotide 625. 
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Figiire 7 provides the nucleotide sequence and putative amino acid 
sequence for clone 13 in constract FFC13S. The predicted bioactive portion 
of pCLlS commences with amino acid 02. 

Figute 8 provides the nucleotide sequences and putative amino acid 
5 sequence for clone 13 in construct C13SA. The coding region for the 
bioactive portion of pCLl3 commences with nucleotide 136. 

Figure 9 shows a Western blot of piurified recombinant pCLl3 
(FFC13S construct) visualised with anti-FLAG antibody. 

Figure 10 provides a graph of the results obtained from 
10 glycosaminoglycan analysis in non-transfected (Kl) and CL13 {FFC13S 

construct) transfected (F4N, 15 and 24) CHO cells using dimethyl-methylene 
blue (DMB) assay. 

Figure 11 provides a graph of results obtained from collagen 
production assays of non-transfected (Kl) and CL13 (FFC13S construct) 
15 transfected (P4N, 15 and 24) CHO cells. 

Figure 12 provides graphs of results obtained from 
glycosaminoglycan production analysis in 3T3 (Figure 12A) and CCD (Figure 
12B) cells following addition of various concentrations of pCLl3 (expressed 
from construct C13SA). 
20 Figure 13 provides graphical results obtained from collagen 

production analysis in CCD cells following addition of various 
concentrations of pCL13 (expressed from construct C13SA). 

Figure 14 provides graphs of results showing growth factor activity 
under limiting serum conditions of pCLl3 (expressed from construct C13SA) 
25 against TGFP in human baby foreskin fibroblasts (BFF) (Figure 14A) and 3T3 
cells (Figure 14B]. 

Figure 15 provides graphs of results showing growth factor activity in 
the presence of serum of pCLl3 (expressed from construct C13SA) and TGFb 
in BFF and 3T3 cells. 
30 Figiure 16 provides graphs of results showing the effect of pCLl3 

(expressed from construct C13SA) of pCLl3, TGFp and IFNa2b on the 
proliferation of 11037 human monocytic cells (Figure 16A) and mono Mac 6 
human monocytic cells (Figure 16B). 

Figure 17 provides graphical results of an analysis of differing pCL13 
35 (expressed from construct C13SA) concentrations on TNF-a production in 
human culture derived macrophages. 
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Figure 18 provides graphs of results showing the effect of pCL13 
(expressed from construct C13SA) concentrations on the cytoxicity of 
monocytes towards 5637 bladder tumour target cells (Figure 18A) and MDA- 
MB-231 breast tumour target cells (Figure 18B). 
5 Figure 19A provides a micrograph of subcutaneous tissue taken from 

a rat having been administered pCLl3 (expressed from construct C13SA). 

Figure 19B provides a micrograph of subcutaneous tissue taken from 
a control rat having been administerad saline only. 

Figure 20A shows the nucleotide sequences of CL13 variants (al, bl, 
10 b2, d2, dd2, fl, u2 and hi) and the original CL13 (denoted Cl3). 

Figure 20B shows a comparison of a portion of the putative amino 
acid sequence of the CL13 variants al, bl, b2, d2, dd2, fl, u2 and hi. 

Figure 21 provides the nucleotide sequence and putative amino acid 
sequence for clone 13 in construct C13SA/5H (HIS Thrombin cleavage site- 
15 FLAG-FKA-mature bioactive CL13 peptide). This construct has been used 
for expression in the yeast Pichia pastoris. HIS is 5 histadine residue motif 
to allow affinity purification using Nickel chelate chromatography. The 
thrombin site is to allow enzymic cleavage of the HIS from the rest of the 
sequence if required. 
20 Figure 22 shows a western blot of culture medium from Pichia 

pastoris transformed with construct C13SA/5H. pCL13 protein is visualised 
using anti-FLAG antibody. 

EXAMPLE 1: Characterisation of Clone 13 

25 

This clone hybridizes on Northern blot to a single species of mRNA 
of 1.2kb size and the gene has been localised by fluorascent in situ 
hybridisation to chromosome igpl3.1 (TGF-bl is on 19ql3.1 and MIS is on 
igpl3.3). The characteristics of the clone ara outlined below. 

ORF 938 
307Mi|nom^ ^ 

iX84 



18 
t 

1 



The largest open reading frame codes for a high cysteine containing 
protein with a signal peptide. It bears strong homology to members of the 
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TGF-p superfamily (including TGF-b itself) when analysed using ibefasta 
program on the ANGIS facility (opt scores 180-250). Extensive multiple 
sequence alignment using the CLUSTAL V program on GCG has been 
undertaken with the CL13 translated amino acid sequence (pCL13) and most 
5 members of this superfamily (see Figure 2). 

Mature pGLl3 is a dimeric protein with a conserved RXXR site that 
is likely to be involved in cleavage of a large pro-peptide with the encoded 
polypeptide decreasing from a predicted monomeric mass of about 34kDa to 
13kDa. pCllS has a potential glycosylation sites in its pro-peptide, but none 

10 in the mature protein, suggesting that glycosylation may be for intracellidar 
targeting as it is in TGF-p. 

In this superfamily the bio-activity resides in the carboxy terminal 
half of the molecule. There is strong conservation in this region between all 
superfamily members, especially in 7 of the cysteine residues. The full 

15 alignment data unequivoceJly demonstrates that pCLl3 belongs to the TGF-p 
superfamily. In this superfamily within family identity is of the order of 70- 
80%. pCL13 does not display identity of this degree to any of the individual 
families and therefore appears to represent an entirely new and separate 
category within the TGF-p superfamily. 

20 The full nucleotide sequence and putative amino acid sequence for . 

clone 13 (CL13) is provided at Figure 1. 

EXAMPLE 2; CL13 Gene Expression and Analysis of Biological Activity 

25 Extensive studies of ragulation of CL13 gene exprassion have been 

undertaken tising the ^^P labelled clone insert and the results are 
summarised at Table 1. Some examples are also illustrated in Figures 2, 3 
and 4. The results indicate that the 1.2 kb transcript was present at very low 
levels in untreated U937 and culture derived macrophages. Expression 

30 increased markedly with phorbol 12-myristate 13-acetate (PMA), but was not 
upregulated by LPS or interferon-g (IFN-g). Clone 13 was expressed strongly 
in macrophages treated with GM-CSF, M-CSF, IL2 or TNF-a and to a lesser 
extent with TGF-p, PDGF-BB or IL-6. There was also increased expression of 
CL13 mRNA in a hiunan neonatal fibroblast cell line (CCD34Lu) in response 

35 to IGF-1, PDGF BB, TGF-p or 
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TNF-a and in human umbilical vein endothelial cells grown with ECGF. No 
expression of this gene was found in either resting or activated B or T 
l)anphocytes/cell lines. 

We can deduce reasonable hypotheses about the nature of the 
5 biological role of this protein on the basis of its expression and the general 
characteristics of the superfamily. CL13 expression could be induced in 
culture derived macrophages (MAC) by a variety of activation agents 
including cytokines and FMA but not LPS. Its expression was also induced 
in fibroblasts by activation and could not be induced at all in lymphocytes. 
10 As the endothelial cells tested were grown in the presence of EGGS, it is not 
possible to conclude whether expression is absent under resting conditions. 

It may be of particular significance that TGF-p induces expression of 
CL13 in both fibroblasts and MAC. It is possible that some of the functions 
ascribed to TGF-P may be due to an autocrine or paracrine induction of 
15 TGF-p by CL13. 

Many of the proteins in this TGF-p superfamily act on mesenchymal 
cells and it is anticipated that this will be true for pCLlS. It is also thought 
that pCLlS may enhance the effector function of these cells, perhaps in a 
manner similar to TGF-p itself. 
20 Lymphocytes and macrophages are intimately related in biological 

function. The fact that l3rmphocytes do not appear able to express CL13, but 
MAC express it in large amounts suggests the possibility that the Ijonphocyte 
may also represent a target for pCLl3 . 

In summary, pCL13's properties and pattern of expression suggest 
25 that there may be some similarities to TGF-p. However, whilst it belongs to 
this superfamily, it can be said with some certainty, on the basis of sequence 
comparison, that pCLl3 is one of a new class of proteins within this 
superfamily and is not an undescribed TGF-p protein (e.g. TGF-P6). 
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TABLE 1 

SUMMARY OF NORTHERN BLOT ANALYSIS OF CLONE 13* 

TREATMENT 1.2kbmRNA 
Mouocytoid ceU lines: HL60» KGl iintFeated 

RA orPMA 

RA/PMA + 



Monocytoid cell line: U937 untreated + 

IFNg orLPSorbolh + 

RA alone or with LPS + + 

PMA +++ 

RA/PMA (3 h) + +++ 

RA/PMA(12h) ++++ + 
TGFb 

PMA/1L4 ++ 



Macrophages ^ 
(peripheral blood derived) 



untreated 

RA + 

PMA +++ 

RA/PMA ++++ 
LPSorlFN-g 

IFN-g followed by IL2 + 

GM CSF + 
IL6 orIL2 or PDGFBB or TGFb + + 

MCSForlLlborTNFa +++ 



B cell lines^, T cell lines. 



peripheral blood T cells 


wltli or without PMA 




Fibroblasts (CCD 34 Lu) 


nil 






cytokines ^ 


+ 


Replicating endothelial cells^ 


with or without cytokines^ 


+ 



#Standardisation of the blots was achieved by probing with an oligonucleotide for 28S rRNA; All ceil 
lines are human : 1. Macrophages are serum-free. 2. B cell lines were Sullen, Daudi, RPMI and U26B. 
3. Cytokines were IGFl, PDGF BB, TGFb and TNFa for 3 hrs. 4. HUVEC was grown with 20% FCS & 
growth factor (ECGF). 5. Cytokines were IFNg. TNFa, ILlb and 1L2 for 3h. 
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EXAMPLE 3: Expression of Recombinant pCL13 and Antibody GePBratioii 

1. Prokarvotic expression of 

Thillias been undertaken using the pGEX vector which generates a 
5 glutathione-S-transferase fusion protein. Material of the correct molecular 
weight was synthesised but was denatured and insoluble and hence 
unsuitable for purification. As a consequence, no further work was done 
with this vector because of the difficulties that are likely to be involved. 

10 2, Eukarvotic expression of CL13 
General Appioach 

A number of DNA constructs based on the CL13 have been made. To 
some of these constructs the DNA sequence for the FLAG epitope has been 
added. This epitope codes for the 8 amino acid peptide (N-Asp-Tyr-Lys-Asp- 
15 Asp-Asp-Asp-Lys-C) which codes for an enterokinase cleavage site is 

recognised by two commercially available monoclonal antibodies. A protein 
containing this marker peptide can then be affinity purified using these 
antibodies. Additionally the protein can also be detected using Western 
blotting or other antibody based assays. Addition of this small hydrophilic 
20 peptide of the amino terminal region of the construct would not be expected 
to influence the bioactivity of the whole protein. However, if desired, 
enterokinase can be used to selectively cleave the FLAG peptide from the 
construction, without affecting the lest of the molecule. 

Prediction of the signal sequence cleavage site of any protein is only 
25 75-8096 accurate* For this reason in some constructions it was necessaiy to 
use the follicle stimulating hormone (FSH) leader sequence. It is known to 
fimction in the eukaryotic cell to be used for transfection and its precise 
cleavage site is known. This was important to ensure that the FLAG peptide 
remained attached to the propeptide and was not removed with signal 
30 sequence cleavage. 

The following ONA constructs were made: 
1. CL13 : Uimiodified full C13 sequence (Figure 1). 

(CL13 leader sequence-Sequence for CL13 propeptide-Sequence for 
mature bioactive CL13 peptide). 
35 2. C13LB : Full length CL13 with FLAG (Figure 6). 
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(FSH Leader sequence-FLAG-CL-13 propeptide-Sequence for mature 
bioactive CL13 peptide)* 

3. FFC13S : Bioactive CL13 with FLAG (Figure 7) 

(FSH Leader sequence-FLAG sequence-about 40 amino acids 
5 propeptide-Sequence for mature bioactive CL13 peptide). 

4. C13SA: Bioactive CL13 with FLAG (Figure 8) 

(FSH leader - FLAG sequence - PKA - Mature bioactive CL13). PKA 
is the recognition sequence for protein kinase A to allow in vitro 
phosphorylation. 

1 0 These constructs were cloned into two different mammalian cell 

expression vectors. These are the pCEF4 vector which is a semipermanent 
expression vector or the pCEP4 vector from which the EBNA gene sequence 
has been deleted to allow it to permanently integration into the genome of 
the mammalian cell into which it is transfected. This allows for the 

15 development of a permanent cell line secreting this protein. The 

constructions have all been transferred into CHO and COS cells and either 
semipermanent or permanent cell lines bearing the transfectant established 
with the use of hygromycin to kill non transfectant bearing cells. Protein 
production and purification have been undertaken to date only in 

20 construction numbers 2, 3 and 4 (dominantly 3 and 4), bioactive CL13 with 
FLAG. 

Cell Culture 

Both COS and CHO cells are grown in Ham's F12 medium with 5% 
25 foetal calf serum (FCS) and 400ug/ml hygromycin (only in semipermanent 
cell lines). At confluence, medium is removed and replaced with HamF12 
containing no serum or other supplements. The conditioned mediimi is 
removed after 3 days and used for purification of recombinant FLAG-CL13. 
The cells are then passaged and once more placed in serum containing 
30 medium. 

Quantification 

A dot blot assay has been established for quantification of 
recombinant FLAG containing proteins • either in culture supernatant or in 
35 purified form. Protein from culture supematants (10-lOOul) is deposited 
onto nitrocellulose using a dot-blot apparatus. The membrane is then 
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reacted with monoclonal anti-FLAG antibody and then biotinylated rabbit 
anti mouse IgG. This is then visualised by enhanced chemilumininescence 
on autoradiographic film. A standard curve is generated using a protein 
bactqrial alkaline phosphatase (BAP) that has bBen engineered so that it 
5 contains 1 copy of the FLAG epitope at its amino terminus (Mr 50-55 kDa). 
The sensitivify of this assay is about 20ng of BAP. 

When this assay was used to analyse the production of FLAG-CL13 it 
was found that cultures produced between about 25 and 400ng of 
recombinant protein per ml of culture supernatant The best expression is 
10 seen with constructs 3 and 4. 

Purification 

Recombinant protein containing medium is incubated with 
sepharose beads to which anti-FLAG antibody has been conjugated. 

15 Approximately 1 ml of beads is used per 100 ml of conditioned medium. 
The sepharose and medium are incubated for IShrs at 3deg C then beads are 
pelleted and poured into a minicolumn. They are then vrashed extensively 
with PBS and the recombinant protein is released with FLAG peptide. This 
is a very gentle but efficient procedure and ensures that the bioactivity of the 

20 recombinant protein is not damaged. The FLAG peptide is removed using 
gel filtration chromatography. The beads are then stripped with pH 3.5 
glycine buffer and can then be re-used. 

Figure 9 shows a Western blot of purified pCLl3 protein from C13LB 
and C13SA constructs. The purified material was electrophoresed using 

25 SDS PAGE on a 15% gel under reducing and non reducing conditions prior 
to Western blotting and visualisation using monoclonal anti-FLAG antibody. 
The constructs migrate at molecular weights slightly higher than predicted, 
something that seems to be a function of the amino acids in the FLAG 
sequence and has been previously reported with the use of this epitope tag. 

30 However* there is the expected change in molecular weight associated with 
the use of reducixig conditions indicating that the material is in the dimeric 
conformation. 

The fact that these dimeric proteins are secreted into the medium 
also indicates that they are folded correctly as improperly folded and 
35 aggregated proteins expressed in eiikaryo*^ c cells are not secreted. The two 
constructs (FFC13SC and C13SC) which encode the bioactive protein alone. 
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both appear to be expressed at much higher levels than the native CL13 
sequence which has only been modified to contain a FLAG epitope (C13LB). 
This is exemplified in Figure 0 which compares relative protein expression 
from constructs C13SA and C13LB. 

5 

EXAMPLE 4: Effect of pCLl3 on Fibroblast Functioa 

TGF-p stimulates fibroblast differentiated function and inhibits 
replication. In order to compare the function of pCL13 with TGF-p, the 
10 effect of pCL13 on fibroblast functions may be examined as follows. 

a. Collagen and Glvcosaminoglvcan production 

Neonatal lung fibroblasts (CCD34LU) can be grown to confluence 
and the growth medium replaced with DMEM containing 0.1% BSA. The 

IS cells can then be stimulated with recombinant pCXl3 or TGF-^ (lOng/ml) as 
a positive control. The culture supernatants can then be collected 18 hours 
later and assayed for total collagen and glycosaminoglycans (GAG). Collagen 
S3mthesis can be measured using a microtitre plate colorimetric assay 
developed in this laboratory which depends on the binding of total collagen 

20 to the dye sirius red (18). Total sulphated GAG can be measured with a 
colorimetric assay adapted in this laboratory for microtitre plate format and 
which has already been used for the in vitro determination of fibroblasts 
GAG synthesis (9,10). This assay is based on the metachromatic shift in 
absorption maximtmi for the cationic dye dimethyl-methylene blue 

25 consequent on binding the polyionic moieties of GAG (9,10). 

b. Fibroblast replication 

TGF-p is known to have a variable effect on in vitro fibroblast 
proliferation that probably depends on the balance between its capacity to 

30 down-regulate the PDGF receptor and the its induction of fibroblast PDGF 
synthesis. To detemnine whether pCL13 also modifies replication, a growth 
factor assay will be imdertaken with CCD34Lu essentially as previously 
described (11, 12, 13)). These cells are sparsely plated at a concentration of 
about 1000 cells/ well ( 96 well plate). pCL13 protein or TGF-P (lOOng/ml) 

35 (positive control) will be either added ale le or in combination with a known 
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fibroblast growth factor present within fetal calf serum. Growth factor 
activity can be determined by ^H-thymidine incorporation. 

c. CoUafienase activity 
5 It would be expected that pCLl3 inhibits the induction of 

coUagenase activity. To test this, neonatal lung fibroblasts (CCD34LU) can 
be grown to confluence then the growth medium replaced with DMEM 
containing 0.1% BSA. The cells can then be stimulated with recombinant 
PMA to induce synthesis of coUagenase in either the presence or absence of 
10 pCLl3 or TGF-P (50ng/ml - positive control). The supernatants can then be 
assayed for coUagenase activity using our adaptation (14) of an assay (15) 
that is based on the degradation of 20ug of purified type I collagen that has 
been coated onto a microtitre plate. The undigested collagen is visualized 
by staining with sirius red and quantified photometrically. 

15 

EXAMPLES: EtFect of pCLlS on Macrophage Function 

The effects of TGF-b on macrophages are complex and in some 
instances apparently paradoxical. In general terms TGF-b has been 

20 considered to be a potent macrophage chemotactic agent, a down-regulator 
of macrophage activation and a promoter of differentiation (3,4). To test the 
effect of pCLl3 on macrophages, culture derived macrophages (MAC) will be 
used as the major cell source and will be grown free of serum in Iscove's 
Modified Dulbecco's Medium, using methods established by our laboratory 

25 (15,16). As replicating cells become non adherent, it is possible to utilise 
both adherent and imdamaged non-adherent MAC for study. 

a. Chemotaxis 

This may be examined using a standard Boyden chamber chemotaxis 
30 assay as previously performed (17). TGF-p (Ipg/ml) will be used as the 

positive control for chemotaxis, and its response will be compared with that 
of pCLl3. 

b. Monocvtoid cell differentiation 

35 Both PMA and retinoic acid (RA) are potent inducers of CL13 mRNA. 

Both PMA,.RA (as well as TGF-P) are known to induce the in vifro 
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differentiation of the primitive human monocytoid cell lines U937 and HL60 
as well as bone marrow monocyte precursors. To examine the role of pCl^lS 
in this process, the U937 and HL60 cell lines can be grown in the presence of 
TGF-p, pCLl3 (with or without additional RA). Their differentiation will be 
5 monitored by morphology, increased adherence and inhibition of replication 
(3H-thymidine incorporation). 

It has been previously demonstrated that human MAC grow in serum 
free medimn, and their differentiation from monoc)rtes to macrophages in 
vitro can be monitored by the expression of surface CD71, the transferrin 

10 receptor (13.15). This is not seen on the surface of monocytes but is found 
on most MAC by day 7 of culture. Cells will be grown with TGF-b or pCL13 
or interferon gamma then stained with fluoresceinated CD71 antibody and 
examined flow C3rtometrically on day 3 of culture (13). Promotion of 
differentiation will be associated with earlier expression of this surface 

15 antigen. 

c. Cytokine production 

TGF-p has been reported to inhibit LPS induced production of TNF-a 
and IL-1. Further, as TGF-p induces pCL13 expression in a number of 

20 situations, it is possible that some of the functions ascribed to TGF-p may be 
contributed to by pCL13. This can be examined using the above bioassays in 
which both TGF-P and pCL13 are active. The fibroblasts will be stimulated 
by TGF-P in the presence of blocking pCL13 antibody and pCLl3 in the 
presence of a blocking TGF-p antibody. If autocrine pathways are in 

25 operation, the function in question should be reduced or inhibited by the 
blocking antibody. Antisense oligonucleotide inhibition experiments can 
also be undertaken. 

EXAMPLES: EflFect of pCLl3 on Endothelial Cells 

30 

Like TGF-p, pCLlS may modify endothelial expression of adhesion 
molecules with subsequent downregulation of adhesion of neutrophils, 
monocytes or lymphocytes. Additionally pCLl3 may modify angiogenesis 
and endothelial mediator production. This may be investigated by 
35 investigating the effect of pCLl3 on: 
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(i) Leukocyte adherence to resting and cytokine activated vascular 
endothelium; 

(ii) Endothelial production of cytokines such as IL-8, MCP-1, IL-1, IL-6, 
and endothelin; 

5 (iii] Endothelial prostanoid synthesis; 

(iv) Endothelial procoagulant activity; and 

(v) Angiogenesis (in vitro and vivo). 

EXAMPLE?: Effect of pCLl3 on Lymphocyte Fttnction 

10 

Like TGF-p, pCLl3 may act as an immunosuppressive agent This 
can be investigated by determining the effect of pCL13 on: 

(i) T and B cell proliferation; 

(ii) Immunoglobtilin synthesis; 

15 (iii) LAK cell and NK cell activity; and 

(iv) Production in vitro of cytokines (protein and/or mRNA) such as IL-2, 
IFN-g, IL-4, IL-5, IL-10. 

EXAMPLES: EBect of pCLl3 on Tumor Cell Proiiferation 

20 

pCL13 may like TGF-p inhibit tumor cell replication and promote 
tumor differentiation. This can be investigated by determining the effect of 
pCLlS on: 

(i) In vitro investigation of the proliferation of a wide range of tumour 
25 cell lines available through the ATCC; and 

(ii) Observing change in tumor phenotype towards a more differentiated 
form (e.g. change from non-adherent to adherent phenotype). 

EXAMPLE 9: Effect of pCLl3 on Glvcosaminoglvcan Production by Non^ 
30 transfected and transfected CHO cells. 

The effect of pCLl3 on glycosaminoglycan production was 
investigated using non-transfected and transfected CHO cells. Figure 10 
shows glycosaminogI]^an analysis in the non-transfected (KI) and CL13 
35 transfected (P4N, 15 and 24) CHO cells using dimethyl-methylene blue 
(DMB) assay (9, 10). P4N, 15 and 24 produce increasing amounts of pCLl3 
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respectively. Cells were ctiltured in DMEM/F-12 medium containing 5% 
FCS for 5 days. Cells were then changed to FCS-free DMEM for 24 hours. 
To 100 fil cell culture medium 100 jil DMB dye was added and the 
absorbance was read at 492 nm immediately. The results represent the mean 
5 +/- SD of triplicate wells. 

EXAMPLE 10: Effect of pCLia on Collagen Productioii by Non-transfectBd 
and Transfected CHO Cells 

10 The effect of pCL13 on collagen production was investigated. Figure 

11 shows the effect of pCLl3 on collagen production by non-transfected 
(Kl)and CL13 transfected (P4N, 15 and 24) CHO cells. F4N, 15 and 24 
produce increasing amounts of pCLlS respectively. Cells were cultured in 
DMEM/F-12 medium containing 5% FCS for 5 days. Cells were then 

15 changed to FCS-free DMEM for 24 hours. The amount of collagen produced 
by these cells was determined using a Biodot apparatus. Culture 
supernatant (50 pi) was placed on nitrocellulose membrane. The membrane 
was washed in 100 FBS and dried. Collagen retained in the nitrocellulose 
membrane was stained with 0.1% Sirius red dye (18). Individual spots were 

20 cut out and eluted with 0.1 N NaOH and absorbance was read at 550 nm. 
The results represent the mean +A SD of triplicate wells. 

Examples 11 to 16 described hereinafter were conducted with the 
C13SA construct or pCL13 produced from the C13SA construct. As 
25 described above, the C13SA construct varies from CL13 in that it includes no 
propeptide encoding sequences. 

EXAMPLE 11; Effects of oCLl3 on matrix protein production 

30 a. Glvcosaminoglvcan production 

Figure 12 shows the effect of pCL13 on 35S-labelled-proteoglycan 
production in 3T3 (mouse fibroblasts) and neonatal hiunan lung fibroblasts 
(CCD 34 Lu) after 24 hour incubation. Confluent cells were changed to 
RFMI culture medium containing 0.1% BSA and 50^g/ml ascorbic acid for 24 

35 hours. Cells were then incubated with different pCLl3 concentrations in the 
presence oflO^Ci/ml [^^S] sulphate for 24 hours. At the end of the 
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incubation period medium was removed and protease inhibitors were added. 
Proteoglycans present in the extraceUular matrix were extracted using 4M 
guanidine hydrochloride containing protease inhibitors for one hour at 4^C. 
Total.proteoglycan production in the medium and the cell firaction was 
5 determined using Sephadex G-25 chromatography columns (19). The results 
represent the mean +/-SD of triplicate wells. 

In 3T3 cells, after 24 hour incubation period, pCL13 caused a dose 
dependent increase in the proteoglycan production. A 9296 increase was 
observed at 25ng/ml pCLl3 concentrations and 60% increase was seen at 6.7 
10 and 2.2 ng/ml pCL13 concentration. In comparison TGF-p at 20ng/ml 
elevated proteoglycan production by 95%. In CCD 34Lu cells, pCL13 at 
50ng/ml caused 23% increase in the proteoglycan production and 6% 
increase at 25ng/ml pCLl3 concentration. In comparison TGF-P at lOng/ml 
elevated proteoglycan production by 36%. 

15 

b. Collasen production 

Figure 13 shows the effect of pCLl3 on collagen type 1 production in 
neonatal lung fibroblasts (CCD 34 Lu). Confluent cells were changed to 
DMEM culture medimn containing 0.1% BSA and 50^g/ml ascorbic acid for 

20 24 hours. Cells were then incubated with different pCL13 concentrations in 
the presence of 50^g/ml b-aminopropionitrile for 24 hours. At the end of 
incubation period the amoimt of collagen present in the medium was 
determined using an EUSA. Briefly, supernatants from treated and non- 
treated fibroblasts as well as type 1 collagen standards were incubated for 72 

25 hours at 4*'C in 96-well microtitre plates (NUNC). At the end of incubation 
period plates were washed, blocked with 4% bovine serum albmnin in 
phosphate buffered saline, incubated with collagen type 1 monoclonal 
antibody (Sigma). The plates were then rewashed and biotinylated mouse 
IgG was added and followed by streptavidin complex. After the addition of 

30 substrate, plates were read at 490/405 nm on a plate reader. The results 

represent the mean +/-SD of triplicate wells. pCLlS at 50ng/nil caused 140% 
increase in the collagen production, 190% increase at 25ng/nil and 11% at 
5ng/ml concentration. In comparison TGF-P at lOng/ml elevated collagen 
production by 34% after 24 hours. The relatively poor TGF-p response has 

35 occurred because TGF-P requires 48-78 hours to achieve maximal effect. 
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EXAMPLE 12; Effect of pCLl3 on fibroblast replication 

a. Growth under limiting serum conditions 

The growth factor activity of pCL13 and transfonning growth factor 
5 beta (TGFP) on growth-arrested BFF (human baby foreskin fibroblasts) and 
3T3 (mouse fibroblasts) cells was determined. The cytokines were added to 
BFF and 3T3 cells in 0.2% foetal bovine serum (FBS) media to determine 
whether they were true growth factors which could stimulate a resting cell to 
progress through the cell cycle and undergo division. The growth factor 

10 assay was performed as previously described (11, 12). In brief, the cells were 
plated at 1.2x10^ cells/well in 200mL of growth-arresting medium (0.2% FBS) 
for 72h. The media was then replaced with fresh 0.2% FBS media with or 
without C3rtokines and 0.5mCi/well of [3-H] Thyntiidine for a further 72Il 
The cells were then harvested with an automated cell harvester and the 

15 thymidine uptake into proliferating cells was counted on a liquid 

scintillation analyser. The controls included 0.2% FBS media only, 10% FBS 
media only (normal growth media), and pCLl3 diluent (0.1% CHAPS) in 
0.2% FBS media. 

The results shown in Figure 14 indicate that pCL13 appears to have 
20 true growth factor activity on both human BFF. TGFp appears to be 
inhibitory for BFF cells. Neither pCL13 not TGFp exhibit growth factor 
activity on 3T3 imder the conditions of this assay. 

b. Growth in the presence of serum 

25 The growth factor activity of pCLl3 and transforming growth factor 

beta (TGFP) on growth-arrested BFF (human baby foreskin fibroblasts) and 
3T3 (mouse fibroblasts) cells was determined. The cytokines were added to 
BFF and 3T3 cells in 2% foetal bovine serum (FBS) media to determine 
whether they were growth enhancing substances which could enhance the 

30 rate at which the cells moved through the cell cycle. The growth factor 

assay was performed as previously described (11, 12), In brief, the cells were 
plated at 1.2x10^ cells/well in 200ml of growth-arresting medium (0.2% FBS) 
for 72h. The media was then replaced with fresh 2% FBS media with or 
without cytokines and 0.5mCi/well of [S-HJ Thymidine for a further 72h. 

35 The cells were then harvested with an automated cell harvester and the 
thymidine uptake into proliferating cells was counted on a liquid 
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scintillation analyser The controls included 2% FBS media only, 10% FBS 
media only (nonnal growth media), and pCXl3 diluent (0.1% CHAPS) in 
0.2% FBS media. 

The results (Figure 15) show that pCL13 had a growth-enhancing 
5 effect on human BFF and murine 3T3 ceils. TGFp appears to be inhibitory 
for BFF cells but to have growth-enhancing activity at low concentration on 
3T3 cells. 

EXAMPLE 13: Effects of pCL13 on replication of human monocvtoid cell 
10 lines 

pCLlS was compared with transforming growth factor beta (TGFb) 
and interferon alpha 2b (IFNa2b), for their antiproliferative effect on the cell 
line U937 (a human nionoc]rte-like histiocytic lymphoma) and Mono Mac 6 

15 (a monoblastic leukemia cell line). The cells were plated at 3x10^ cells/well 
in 200mL of 10% FBS (foetal bovine serum) medium with or without 
cjrtokines. For the final 6h of a 48h incubation period, the wells were pulsed 
with 0.5mCi/well of [S-h] Thymidine. The cells were then harvested with an 
automated cell harvester and the thymidine uptake into proliferating cells 

20 were counted on a liquid scintillation analyser. The controls include 10% 
FBS medium alone and pCLlS diluent in 10% FBS medium. 

The results (Figure 16) indicate that two batches of pCLlS, B447 and 
B448A, at concentrations of 10 and lOOng/ml have a small antiproliferative 
effect on two human cell lines of monocytic origin. This contrasts with the 

25 stronger antiproliferative effects of TGFP (2 and 20ng/ml) and IFNa2b (10^ 
and 10^ U/ml) on U937 and Mono Mac 6 cells. 

EXAMPLE 14: EflEBcts of pCLl3 on macrophage production of TNF 

30 The data in Figm-e 17 shows the effect of different pCLlS 

concentration on LPS stimulated TNF-a production from human cultiue 
derived macrophages. Monoc)^es were purified by elutriation from bufiy 
coats and cultured in Iscove's medium containing 0.1% BSA (13, 16). On 
day 5, cells were incubated with different pCLl3 concentrations in the 

35 presence of 10).ig/ml LPS in the Iscove*s medium for 24 hours. At the end of 
incubation period medium was removed and the amoimt of TNF-a present 
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was determined using a sandwich EUSA (Genzyme). The results show that 
pCLl3 caused inhibition of LPS induced TNF-a production. A 47% 
inhibition was observed at 20ng/ml pCL13 and a 27% inhibition was seen at 
7ng/ml of pCLl3. In comparison TGF-p only brought about 10% reduction at 
5 20ng/ml. 

EXAMPLE 15: Effects of pCL13 on tumor cvtotpxicitv 

The direct effect of pCLl3 and TGFp on tumour target cells (5637 
10 bladder carcinoma and MDA-MB-231 breast adenocarcinoma) and the effect 
of pC3^13 and TGFP on monoc)rte-mediated killing of tumor cells was 
examined by measuring the release of radiolabelled DNA from lysed tmnour 
target cells. The cytotoxicity assay was performed as previously described 
(20). Tumour target cells (labelled while in the exponential growth phase 
15 with 20^Ci of Thymidine/lxlO^ cells for 24h) were added to the 

monoc3rtes (effectors) at an effector:target (E:T) ratios of 10:1 for 72 h. The 
cells were then centrifuged and the supematants coimted in scintillation 
fluid on a liquid scintillation analyser. The controls included untreated 
tumour cells, untreated tumour cells co-cultiued with monoc3rtes and 
I 20 cjrtokine diluent alone. TGFp and pCLl3 were incubated with monocjrtes for 
48h. 

The results are shown at Figure 18. Neither pCLl3 nor TGFp had a 
direct cytotoxic effect on the 5637 or MDA-MB-231 tumour lines. However 
pCLl3 enhanced the ability of monocytes to kill 5637 cells. pCLl3 also 
25 enhanced the monoc3rte-mediated killing of T24 (bladder carcinoma), J82 
(bladder carcinoma), T47D (breast ductal carcinoma) and JCPL (ovarian 
carcinoma)(data not shown). 

EXAMPLE 16! In vivo Effects of pCL13 

30 

Rats (Fisher F343) were injected subcutaneously on their backs with 
0.1ml of three concentrations of pCLl3, a negative saline control and TGFp. 
The injections were widely separated and each animal was administered 
with the whole panel of 5 injections. The amounts of pCH3 injected were 
35 60ng, 30ng and 2ng. The dose of TGFp administered was lOng. The animals 
were then sacrificed at intervals commencing at 3 hours and up to 2 weeks 
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following administration. Three animals were used for each time point and 
following sacrifice the areas in which material had been administered was 
excised, formalin fixed, mounted, then stained with haematoxyiin and eosin* 
The material was then evaluated microscopically. 

5 

Q, Macroscopic Changes 

There was no macroscopic difference between the biopsies in any of 
the animals, under any of the various conditions other than at the two week 
time point. At the two week time point however, the biopsies, only of the 
10 areas with the two highest doses of pCL13, showed obvious macroscopic 
differences in the area between the muscle and skin. This area seemed 
somewhat expanded and had a white glistening appearance, suggestive of 
excess matrix protein deposition. 

15 b. Microscopic Evaluation 

No differences were seen on histological sections at the three hour 
time points. However at the day one (24 hour) time point the areas in which 
the two highest concentrations of pCLl3 had been administered 
demonstrated a mononuclear cell infiltrate which was somewhat patchy in 

20 character and was present dominantly in the subcutaneous tissue (Figure 
19A). No similar changes were observed in either the negative saline control 
(Figure 19B) or TGFp at a dose of lOng/ml. The infiltrate seemed to be 
present maximally at days one and two and be markedly diminished or 
absent from day four onwards. These findings suggest that pCL13 was 

25 chemotactxc for macrophages and or lymphocytes. 

This study was not undertaken in such a manner as to be able to 
supply good quantitative data on the amotmt of collagen that was present in 
the areas where the two substances were administered. However in 
conjunction with the macroscopic appearance, it appears likely that the 

30 amount of collagen was increased in the samples containing the two highest 
doses of clone 13, at least at the two week time point 

EXAMPLE 17: Clone 13 Variants 

35 Re*screening was imdertaken using a fetal lung cDNA library using a 

portion of the coding sequence of clone 13 as a probe. This was undertaken 
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in order to determine the existence of clone 13 variants. Using this approach 
a number of additional clones (al, b2, hi, bl, d2, dd2, fl and uZ) were 
obtained and the sequence of these clones is illustrated in Figure 20A which 
shows the nucleotide sequence and Figure 20B which shows a portion of the 
5 translated open reading frame. It also compares the sequences with that of 
the origmal clone 13 sequence (CIS). From Figure 20B, it can be seen that 
the translated coding region of these clone 13 variants displays only minor 
differences. These occiu' at amino acids 9, 48 and 202. These are all in the 
propeptide region and are likely to represent genetic differences between the 

10 individuals whose RNA was used to prepare the cDNA library. However, at 
the DNA level, there is substantial variation dominantly in the 5* 
untranslated region, but to a lesser extent in the 3' untranslated region. 
Whilst these variants may well be important in areas such as transcriptional 
regulation they are untranslated and hence cannot affect bioactivity. 

15 Some of the clones isolated and displayed in Figure 20A (e.g. b2 and 

hi) even though they have very long 5* tmtranslated region, still do not 
represent the complete coding sequence. This can be ascertained as when 
the 5* untranslated region is used as a probe, on northern blots, hybridisation 
to a band of approximately 7kb is demonstrable. The reasons for this 

20 marked length variation are unclear but could include alternate splicing of 
an untranslated exon, the use of alternate transcriptional start sites or even 
gene duplication. 

EXAMPLE 18: Expression of clone is using a veast eukarvotic system 

25 

The bioactive region of clone 13, modified at its amino terminus so 
as to contain a nuniber of additional marker epitopes (construct C13SA/5H - 
Figure 21) was cloned into the pPICQ plasmid. This plasmid was then used 
to transform the yeast Pichia pastoris according to the manufacturers 

30 instructions (Invitrogen Corp.). Yeast, successfully transformed by this 

plasmid were selected on the basis of methanol sensitivity. Colonies of yeast 
were then grown for two days, in suspension as per the manufacturers 
instructions. Culture medium was collected and an aliquot subjected to 
SDS-PAGE followed by western blotting. pCL13 containing bands were 

35 visualised using the anti-FLAG M2 antibo-^y using standard procedures. 
Electrophoresis was carried out xmder both reducing and non-reducing 
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conditions. It can be seen that large amounts of the protein are produced 
which are easily detectable with unconcentrated yeast cxdtuie medium, 
indicating secretion of the protein in an appropriate manner (Figure 22). 
The inolecular weight approximates that expected on the basis of the amino 
5 acid composition and the doubling of the molecular weight under non- 
reducing conditions (Figure 22) indicates that the protein is, as expected, a 
disulphide bonded dimer. This is the correct structural configuration and 
indicates that the protein has been processed and secreted by the yeast 
organism in an appropriate manner. 

10 The capacity to express this complex dimeric, protein with a high 

disulphide bond content in yeast systems is highly advantageous as it 
dramatically lowers the cost of production per unit quantity of protein and 
makes it far more suitable as a biopharmaceutical compared with material 
produced by manunalian cells. 

15 Whilst this work has been undertaken with the yeast Pichia pastoris, 

it is quite likely that similar secretion will occur with a range of yeast 
organisms transduced with an appropriate yeast expression vector. As the 
bioactive region being expressed does not contain potential n-glycosylation 
sites, the hyperglycosylation, that sometimes occurs with manunalian 

20 proteins expressed by yeast strains, is not an issue. 



25 2, 
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10 



It will be appreciated by persons skilled in the art that numerous 
variations and/or modifications may be made to the invention as shown in 
the specific embodiments without departing from the spirit or scope of the 
15 invention as broadly described. The present embodiments are, therefore, to 
be considered in all respects as illustrative and not restrictive. 
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CLAIMS :- 

1. An isolated polynucleotide molecule comprising a nucleotide 
sequence encoding, or complementary to a nucleotide sequence encoding, a 

5 protein designated pCL13 or a biologically active fragment thereof. 

2. An isolated polynucleotide molecule comprising a nucleotide 
sequence substantially corresponding to that shown in Figure 1, a portion 
thereof which encodes a biologically active fragment of pCLlS, or a 

10 nucleotide sequence complementary thereto. 

3. An isolated polynucleotide molecule comprising a nucleotide 
sequence substantially corresponding to a mutant, variant or derivative 
sequence of that shown in Figure 1, or a nucleotide sequence 

15 complementary thereto. 

4. A polynucleotide molecule according to claim 3, wherein the 
nucleotide sequence substantially corresponds to a variant nucleotide 
sequence selected from al, bl, h2, d2, dd2, f 1, hi and u2 as shown in Figure 

2 0 20A, or a nucleotide sequence complementary thereto. 

5. A polynucleotide molecule according to claim 1, wherein the protein 
comprises a polypeptide having an amino acid sequence selected from those 
shown in Figure 20B. 

25 

6. A polynucleotide molecule according to claim 1, wherein the protein 
comprises a polypeptide having an amino acid sequence substantially as 
shown in Figure 1. 

30 7. An isolated polynucleotide molecule comprising a nucleotide 

sequence hybridisable to the nucleotide sequence shown in Figure 1 under 
medium stringency conditions. 

8. An isolated polynucleotide molecule comprising a nucleotide 
35 sequence hybridisable to the nucleotide sequence shown in Figine 1 under 
high stringency conditions. 
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9. A polynucleotide molecule according to claim 7 or 8 capable of being 
utilised as a probe or primer for a polynucleotide sequence encoding a 
protein designated pCLlS. 

5 

10. A polynucleotide molecule according to claim 7 or 8 being of a 
length greater than 10 nucleotides. 

11. An isolated polynucleotide molecule comprising a nucleotide 

10 sequence having at least 70% homology to the nucleotide sequence shown in 
Figure 1. 

12. An isolated pol]aiucleotide molecule comprising a nucleotide 
sequence having at least 90% homology to the nucleotide sequence shown in 

15 FigiUB 1. 

13. A polynucleotide molecule according to any one of the preceding 
claims, wherein the nucleotide sequence encoding the pCLl3 or biologically 
active fragment thereof does not comprise sequence encoding the pCLl3 

2 0 leader or propeptide. 

14. A polynucleotide molecule according to claim 13, wherein said 
nucleotide sequence encoding the pCLl3 or biologically active fragment 
thereof includes sequence encoding a heterologous leader. 

25 

15. A polynucleotide molecvde according to claim 14, wherein said 
heterologous leader is the follicle stimulating hormone (FSH) leader. 

18. A polynucleotide molecule according to any one of the preceding 
30 claims, wherein the nucleotide sequence encoding the pCLl3 or biologically 
active fragment thereof includes sequence encoding an epitope tag. 

17. A pol3mucIeotide molecule according to claim 16, wherein the 
epitope tag is FLAG and/or HIS. 

35 
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18. A polynucleotide molecule according to any one of the preceding 
claims, wherein the polynucleotide molecule is DNA. 

19. A vector comprising a DNA molecule according to claim 18 operably 
5 linked to a suitable promoter. 

20. A vector comprising a DNA molecule according to claim 19, the DNA 
molecule being operably linked in opposite orientation to a suitable 
promoter such that expression proceeds 5' to the 3' terminus to produce 

10 antisense RNA. 

21. A vector according to claim 20, wherein said DNA molecule includes 
or is linked to a nucleotide sequence encoding a ribozyme domain. 

15 22. A protein designated pCL13 in substantially pure form. 

23. A protein according to claim 22, wherein the protein comprises a 
monomeric polypeptide(s) having an amino acid sequence selected from 
those shown in Figure 20B. 

20 

24. A protein according to claim 22, wherein the protein comprises a 
monomeric polypeptide(s) having an amino acid sequence substantially as 
shown in Figure 1. 

25 25. A biologically active fragment of a protein according to any one of 
claims 22 to 24. 

26. A biologically active fragment according claim 25, wherein said 
biologically active fragment corresponds to a pCLl3 propeptide or fragment 

30 thereof. 

27. A protein or antigenic portion thereof, which binds to an anti-pCLl3 
cuitibody. 
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28. A non-human organism transformed with a polynucleotide molecule 
according to any one of claims 1 to 18 or a vector according to any one of 
claims 19 to 21. 

5 29. A non-human organism according to claim 28 selected from 
eukaryotic cell lines, yeast, animals and plants. 

30. An antibody or fragment thereof which specifically binds to the 
protein designated pCL13 or an antigenic portion thereof. 

10 

31. A method of producing a protein designated pCL13 or a biologically 
active fragment thereof, comprising transforming a suitable host organism 
with a polynucleotide molecule according to any one of claims 1 to 12, 
wherein said polynucleotide molecule is constitutively or inducibly 

15 expressed in said host organism, 

32. A method of producing a protein designated pCLl3 or a biologically 
active fragment thereof, comprising transforming a suitable host oiganism 
with a polynucleotide molecule according to any one of claims 13 to 17, 

20 wherein said polynucleotide molecule is constitutively or inducibly 
expressed in said host organism. 

33. A method according to claim 31 or 32, wherein said host organism is 
selected from eukaryotic cell lines and yeast. 

25 

34. A method according to claim 33, wherein said host organism is a 
yeast. 

35. A method according to claim 34, wherin said yeast is Pichia pastoris, 

30 

36. A method of treatment of a disease or condition in a subject which is 
beneficially treatable with TGF-p, comprising administering to said subject a 
preparation comprising a protein or biologically active fragment thereof 
according to any one of claims 22 to 27 or, alternatively, an agent for 

35 reducing the expression or activity of nab'-^ b pCLl3, optionally in admixture 
with a pharmaceutically acceptable carriei. 
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37. A method of treatment of a disease or condition in a subject, said 
disease or condition being selected firom wound and/or fracture healing, 
ischaemic injury, cancer, autoinmiune diseases, chronic inflammatory 

5 diseases, imunosuppresion, fibrotic/fibroproliferative disorders such as 

rheumatoid arthritis, artherosclerosis, pulmonary fibrosis, scleroderma, liver 
cirrhosis and keloids, comprising administering to said subject a preparation 
comprising a protein or biologically active fragment thereof according to any 
one of claims 22 to 27 or, alternatively, an agent for reducing the expression 
10 or activity of native pCLl3, optionally in admixture with a suitable 
pharmaceutically acceptable carrier. 

38. A method for diagnosing a disease or condition in a subject said 
disease or condition being selected from inflammatory and fibrotic diseases, 

15 comprising detecting the presence or activity of the protein designated 
pCLl3 in said subject. 

39. A kit for use in a method according to claim 38, said kit comprising a 
protein or biologically active fragment thereof according to any one of claims 

20 22 to 27, or an antibody or fragment thereof according to claim 31. 

40. A gene therapy agent comprising a polynucleotide molecule 
according to any one of claims 1 to 18 or a vector according to any one of 
claims 19 to 21. 

25 

41. A receptor molecule specific for a protein designated pCL13, in 
substantially pure form. 
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1 GCGGCCGCTGCACAGCC AT6 CCC G6G CAA GAA CTC AGG AC6 CTG AAT GGC TCT CAG ATG CTC 62 

1 NP60ELR. TLNGSQHL 15 

63 CTG GTG TTG CTG GTG CTC TCG T66 CTG CCG CAT GGG GGC CCC CTG TCT CTC GCC GAG GCG 122 

leLVLLVLSVLPHGGALSLAEA 35 

123 AGC CGC GCA ACT TTC CCG GGA CCC TCA GAG TTG CAC ACC GAA GAC TCC AGA TTC CGA GAG 182 

36SRASFPG PSELHTE0SRFRE 55 

183 TTG CGG AAA CGC TAC GAG GAC CTG CTA ACC AGG CTG CGG GCC AAC CAG AGC TGG GAA GAT 242 

56LRKRYEDLLTRLRANQSWED 75 

213 TCG AAC ACC GAC CTC GTC CCG CCC CCT GCA CTC CCG ATA CTC ACC CCA GAA GTG CGG CTG 3Cy2 

76SNT0LVPAPAVRILTPEVRL 95 

303 GGA TCC GGC GGC CAC CTG CAC CTG CGT ATC TCT CGG GCC GCC CTT CCC GAG GGG CTC CCC 362 

96GS6GHLHLRISRAALPEGLP 115 

363 GAC CCC TCC CGC CH CAC CGG GCT CTG TTC CGG CTG TCC CCG ACG GCC TCA AGG TCG TGG '122 

116EASRLHRALFRLSPTASRSW 135 

423 GAC GTG ACA CGA CCT CTG CGG CGT CAG CTC AGC CTT GCA AGA CCC CAG GCG CCC GCG CTG 482 

136 0VTRPLRR0LSLARPQAPAL 155 

483 CAC CTG CGA CTG TCG CCG CCG CCG TCG CAG TCG GAC CAA CTG CTG GCA GAA TCT TCG TCC 542 

156HLRLSPPPSQSDQLLAESSS 175 

543 GCA CGG CCC CAG CTG GAG TTG CAC TTG CGG CCG CAA GCC GCC AGG GGG CGC CGC AGA GCG 602 

176ARPQLELHLRPQAARGRRRA 195 

603 CGT GCG CGC AAC GGG GAC CAC TCT CCG CTC GGG CCC GGG CGT TGC TCC CGT CTG CAC ACG 662 

196RARNG0HCPLGP6RCCRLHT 215 

663 GTC CGC GCG TCG CTG GAA GAC CTG GGC TGG GCC GAT TGG GTG CTG TCG CCA CGG GAG GTG 722 

216VRASLE0LCWADWVLSPREV 235 

: 723 CAA GTG ACC ATG TGC ATC GGC GCG TGC CCG AGC CAG TTC CGG GCG GCA AAC ATG CAC GCG 782 

236 QVTMCIGACPS0FRAANHHA 255 

783 CAG ATC AAG ACG AGC CTG CAC CGC CTG AAC CCC GAC ACG GTG CCA GCG CCC TGC TGC GTG 842 

256 QIKTSLHRLKPDTVPAPCCV 275 

843 CCC GCC AGC TAC AAT CCC ATG CTG CTC ATT CAA AAG ACC GAC ACC GGG GTG TCG CTC CAG 902 

276 PASYNPriVL!QKTDTGVSLQ 295 

903 ACC TAT GAT GAC TTC TTA GCC AAA GAC TGC CAC TGC ATA TCA GCAGTCCTG6TCCTTCCACTGTGC 968 

296 TY00LLAK0CHCr' 309 

969 ACCTGCGCGGGGGAGGCGACCTCAGTTGTCCTGCCCTGTGGA ATG GGC TCA AGG TTC CTG AGA CAC CCG 1037 

1038 ATT CCT GCC CAA ACA GCT CTA TTT ATA TAA CTCTCnATTTATTATTAATTTATTGCGCTCACCTTCTTG 1107 

1 108 GGGACTCGGGGGCTGGTCTG ATG GAA CTG TGT ATT TAT TTA AAA CTC TGG TGA TAAAAATAAAGCTC7 1 175 

1176 CTGAACTGTTAAAAAAAAAAAAAAAAA 1202 

I Processing site following nucleotide 605 

Stop codon FIGURE 1 
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CEMP2JIK CKBHPLYVDFS>0^mCMIVAPK»HftriaxSC^^ 

OMFSjaf CABiaLKVDFft-Dl!G»6ES>«IISPKSF^^ 

CH4P4JttM CKWSLYVDFS-I3^a«*CWIVaPPGVQAnni^ 

CEMP5_WM OCKHELWSFK-DIiSWXWriAPBSYaAFraXHS^ 

CEMP6JffiM CRKHELYVSF0-DLSW3DWIIAPKGa^^ 

GEMP7JfiM aCKKELYV5FR-DLGK7WIIAFEX?0A^^ 

azr3JClIS CHRHQ[fINFQ-DI£»«QWIM>ia3M^^ 

CGE^JCOS CELHiySISFS-<X2<I«MIVAEHSVNPS^ 

CHSOPU C3a<HaYVSER-DIi3(<X«mPEGa FPLNSYMMNHAIVQIIWH 

CKESJIXf CAtPELSVimEPS ^VUPBIV3»K]Q3\m<PQSCeNFfS^^ 

CPEP13 (XXHrmsutimiim/Lss^BJQmas^ — sqfham«4haqikisui 

CIGFIJKM OCV^a.V^F!mCWK•^m^EPKGYIffl^Kl^ — LDTOVSKVIALW 

CIGF2JttM COi^PLYIl^roDIIM-^^fflEPKBi:^^ — SDHaiSRVLSLYN 

CIGF3JHDM 0CVRIl,Y]KR0Dia«-WVHEPK3raNE^ — AUi'lHS'lVLGLYN 

CIGF4J3nC CO/RPLYIDE?KaO«-Vm^EPW3Y^a^lEC^ — ^ADTOmVIALai 

CIGF5JC OCVKPLYINFBKDtCWE tmiGtCPIB^ — MTIQYSKVLSLW 

CW31JC .aCKRHLYVEFK-IM3W0WmPQqYM^^ 
* 

C3tT2jm SVI^K--IPKfta:VPIELSAIS^Y^ 

CmP3 HUM AVGV^/PGIPEKXIVPEKMSSLSIIPFDEN^^^ 

C»2P£f01 SVNSS--IPKAOCVPiaSMaiLYirEYDKvV^ 

Ca4?5Ji[W I>!FFCK-VPKPOCAPrKL^SVL^^ 

C34P6Ih[jM Lbt^5Y-VPKP0CL\?rKLi^MSV^^ 

CBiFJjm FINPErr-VPKPCC^PIQL^SVLYri:^ 

CaDF3J!CUS ^1ADP-K-VPK^VCVPIKI^?IS^ILYQDS^ 

a35F9_MXJS E-KLDPSVPSPSCVPGKiSPLSVTiTr^^ 

CKS0P1_5 FI N PLT-VPFGOi^lPIUUMSV I[JC<vHW^VR^XH 

CIHBaJ5l3^ lOiSPFi^NLKSCri^/PIKU^^ 

OCS HLH QAKPAL?ilPPQCV?T2^^^ 

CPEP13 iO?E7r-VPAPCDy?ASYNH4-VIIQKIUI^ 

CIGcU^ QKNPGASAA-PCCVTCALE?LPIVrf-\^^ 

CrGF2 rOi TINFEAS?6-PCCVS:CLE?LmYY-rGiCr^ 

CK^^'kl^ TLM^EASAS-PCCVKCLEHiTrLYY-VTSTFK^ 

CIGF4 CHIC QHNTOiSAA-PCCVl^IIiDPLPIIYy 

CIGFSix QNNPGASIS-PX^-^ YY-vT]g:i?:<VECLS^2^^^ 

aClJC SIE?S:--IPLPC0^1TO^?I3iLFYim^^VU^^^ 
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1 AAGCTT ATG CCC GG6 CAA GAA CTC AGG ACG CTG AAT GGC TCT CAG ATG CTC CTG GTG TTG 60 

1 nPGOELRTLNGSOriLLVL 18 

61 CTG GTG CTC TCG TG6 CTG CCG CAT GGG GGC GCC CTG TCT CTG GCC GAG GC6 AGC CGC GCA 120 

19LVLS WLPHG6ALSLAEASRA 38 

121 AGT TTC CCG GGA CCC TCA GAG TTG CAC ACC GAA GAC TCC AGA TTC CGA GAG TTG CGG AAA 180 

39SFPGPSELHTEDSRFRELRK 58 

181 CGC TAC GAG GAC CTG CTA ACC AGG CTG CGG GCC AAC CAG AGC TGG GAA GAT TCG AAC ACC 240 

59RYEDLLTRLRANQSWEDSNT 76 



241 GAC CTC GTC CCG GCC CCT GCA GTC CGG ATA CTC ACG CCA GAA GTG CGG CTG GGA TCC GGC 300 

79DLVPAPAVRILTPEVRLGSG 98 

301 GGC CAC CTG CAC CTG CGT ATC TCT CGG GCC GCC CTT CCC GAG GGG CTC CCC GAG GCC TCC 360 

99GHLHLRISRAALPE6LPEAS 118 

361 CGC CTT UC CGG GCT CTG TTC CGC CTG TCC CCG ACG GCG TCA AGG TCG TGG GAC GTG ACA 420 

119RLHRALFRLSPTASRSWDVT 138 

421 CGA CCT CTG CGG CGT CAG CTC AGC CTT GCA AGA CCC CAG GCG CCC GCG CTG CAC CTG CGA 480 

139RPLRRaLSLARP0APALHLR 158 

481 CTG TCG CCG CCG CCG TCG CAG TCG GAC CAA CTG CTG GCA GAA TCT TCG TCC GCA CGG CCC 540 

159LSPPPS0SDQLLAESSSARP 178 

541 CAG CTG GAG TTG CAC TTG CGG CCG CAA GCC GCC AGG GGG CGC CGC AGA GCG CGT GAA TTC 600 

179 0LELHLRPaAARGRRRAREF 198 

601 CAC TAC AAG GAC GAC GAT GAC AAG GCG CGC AAC GGG GAC CAC TGT CCG CTC GGG CCC GGG 660 

loo nvirnnnnif ARN GDHCPLGPG 218 



661 CGT TGC TGC CGT CTG CAC ACG GTC CGC GCG TCG CTG GAA GAC CTG GGC TGG GCC GAT TGG 720 

219RCCRLHTVRASLEDLGWADW 238 

721 CTG CTG TCG CCA CGG GAG GTG CAA GTG ACC ATG TGC ATC GGC GCG TGC CCG AGC CAG TTC 780 

239 VLSPREVQVTHCIGACPSQF 258 

781 CGG GCG GCA AAC ATG CAC GCG CAG ATC AAG ACG AGC CTG CAC CGC CTG AAG CCC GAC ACG 840 

259 RAANMHAQEKTSLHRLKPDT 278 

841 GTG CCA GCG CCC TGC TGC GTG CCC GCC AGC TAC AAT CCC ATG GTG CTC ATT CAA AAG ACC 900 

279 VPAPCCVPASYNPMVLI0KT 298 

901 GAC ACC GGG GTG TCG CTC CAG ACC TAT GAT GAC TTG TTA GCC AAA GAC TGC CAC TGC ATA 960 

299 DTGVSLQTYDDLLAKDCHCI 318 

961 TGA CTCGAG 969 

319 • 319 



# " processing site 

underline • FLAG' epitope that Is fused to anino terminus of blooctlve region of clone 13 

• ■ stop codon FIGURE 6 
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1 GCTAGCGCC AT6 GAT TAG TAG A6A AAA TAT GCA GCT ATC TTT CT6 GTC ACA TTG TC6 6TG 60 

1 MOYYRKYAAIFLVTLSV 17 

61 TTT CTG CAT 6TT CTC CAT TCC GCT CCT GAT GAA TTC GAC TAC AAG GAC GAC GAT GAC AAG 120 

18FLHVLHSAPDEF D 1 K fl D_D f) K 37 

121 CGT CAG CTC A6C CTT GCA A6A CCC CAG 6CG CCC GC6 CTG CAC CTG CGA CTG TCG CCG CCG 180 
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601 AAA GAC TGC CAC TGC ATA T6A CTCGAG 627 

198 K D C H C I • 204 

FLAG epitope 

Signal sequence cleavoge site following first 24 amino acids representing 
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421 GTG TCG CTC CAG ACC TAT GAT GAC TTG TTA GCC AAA GAC TGC CAC TGC ATA TGA CTC6AG 480 
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underline > FLAG epitope 
I ] • PKA site 

4 ■ slgnol sequence cleavage site following first 24 amino acids representing 
the FSH leoder sequence 

» stop codon 
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426 GTGACACGACCTCTGCGGCGTCAGCTCAGCCTTGCAAGAC C13 

428 GTGAC ACGACcIgIcTGCGGCGTCAGCTCAGCCTTGCAAGAC al 
419 GTGACACGACCGCTGCGGCGTCAGCTCAGCCTTGCAAGAChl 

429 GTGACACGACCGCTGCGGCGTCAGCTCAGCCTTGCAAGACd2 
429 GTGAC ACGACClGlCTGCGGCGTCAGCTC AGCCTTGCAAGAC 632 

1 1 1 r 

1450 1460 1470 1480 

1 I I L 

1441 CCCAGGCGCCCGCGCTGCACCTGCGACTGTCGCCGCCGCC h2 
1441 CCCAGGCGCCCGCGCTGCACCTGCGACTGTCGCCGCCGCC hi 
682 CCCAGGCGCCCGCGCTGCACCTGCGACTGTCGCCGCCGCC u2 
521 CCCAGGCGCCCGCGCTGCACCTGCGACTGTCGCCGCCGCCfl 
466 CCCAGGCGCCCGCGC.TGCACCTGCGACTGTCGCCGCCGCCC13 

468 CCCAGGCGCCCGCGCTGCACCTGCGACTGTCGCCGCCGCC al 
459 CCCAGGCGCCCGCGCTGCACCTGCGACTGTCGCCGCCGCC bl 

469 CCCAGGCGCCCGCGCTGCACCTGCGACTGTCGCCGCCGCC d2 
469 CCCAGGCGCCCGCGCTGCACCTGCGACTGTCGCCGCCGCC d32 

J 1 1 r 

1490 1500 1510 1520 

1 I I L. 

1481 GTCGCAGTCGGACCAACTGCTGGCAGAATCTTCGTCCGCA b2 
1481 GTCGCAGTCGGACCAACTGCTGGCAGAATCTTCGTCCGCA hi 
722 GTCGCAGTCGGACCAACTGCTGGCAGAATCTTCGTCCGCAU2 
561 GTCGCAGTCGGACCAACTGCTGGCAGAATCTTCGTCCGCA fl 
506 GTCGCAGTCGGACCAACTGCTGGCAGAATCTTCGTCCGCA C13 

508 GTCGCAGTCGGACCAACTGCTGGCAGAATCTTCGTCCGCA al 
499 GTCGCAGTCGGACCAACTGCTGGCAGAATCTTCGTCCGCAbl 

509 GTCGCAGTCGGACCAACTGCTGGCAGAATCTTCGTCCGCAd2 
509 GTCGCAGTCGGACCAACTGCTGGCAGAATCTTCGTCCGCAd32 

I I 1 1 

1530 1540 1550 1560 

I I f I 
1521 CGGCCCCAGCTGGAGTTGCACTTGCGGCCGCAAGCCGCCA h2 
1521 CGGCCCCAGCTGGAGTTGCACTTGCGGCCGCAAGCCGCCA hi 
762 CGGCCCCAGCTGGAGTTGCACTTGCGGCCGCAAGCCGCCAU2 
601 CGGCCCCAGCTGGAGTTGCACTTGCGGCCGCAAGCCGCCA fl 
546 CGGCCCCAGCTGGAGTTGCACTTGCGGCCGCAAGCCGCCAC13 

548 CGGCCCCAGCTGGAGTTGCACTTGCGGCCGCAAGCCGCCAal 
539 CGGCCCCAGCTGGAGTTGCACTTGCGGCCGCAAGCCGCCAbl 

549 CGGCCCCAGCTGGAGTTGCACTTGCGGCCGCAAGCCGCCAd2 
549 CGGCCCCAGCTGGAGTTGCACTTGCGGCCGCAAGCCGCCAd32 

II I I 
1570 1580 1590 1600 

I I 1 1- 

1561 GGGGGCGCCGCAGAGCGCGTGCGCGCAACGGGGACCACTG h2 

1561 GGGGGCGCCGCAGAGCGCGTGCGCGCAACGGGGACCACTG hi 

802 GGGGGCGCCGCAGAGCGCGTGCGCGCAACGGGGACCACTGU2 

641 GGGGGCGCCGCAG AGCGCGTGCGCGCAACGGGG AcSaCTG fl 

586 GGGGGCGCCGCAGAGCGCGTGCGCGCAACGGGGACCACTG a3 

588 GGGGGCGCCG C AG AGCGCGTGCGCGC A ACGGGGAcI^ACTG al 
S79 GGGGGCGCCGCAGAGCGCGTGCGCGCAACGGGGACCACTGhl- 

589 GGGGGCGCCGCAGAGCGCGTGCGCGCAACGGGGACCACTG d2- 
589 GGGGGCGCCGCAGAGCGCGTGCGCGCAACGGGGACCACTGdd2 
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I I I • 

1210 1220 1230 1240 

I I I I- 

1201 ACCAGAGCTGGGAAGATTCGAACACCGACCTCGTCCCGGC b2 
1201 ACCAGAGCTGGGAAGATTCGAACACCGACCTCGTCCCGGC hi 
442 ACCAG AGCTG6G AAG ATTCGA ACACCG ACCTCGTCCCGGC u2 
281 ACCAGAGCTGGGAAGATTCGAACACCGACCTCGTCCCGGC fl 
226 ACCAGAGCTGGGAAGATTCGAACACCGACCTCGTCCCGGC a3 

228 ACCAGAGCTGGGAAG ATTCGAACACCGACCTCGTCCCGGC al 
219 ACCAGAGCTGGGAAGATTCGAACACCGACCTCGTCCCGGCbl 

229 ACCAGA6CTGGGAAGATTC6AACACCGACCTCGTCCCGGC ct2 
229 ACCAGAGCTGGGAAGATTCGAACACCGACCTCGTCCCGGCd32 

\ 1 1 r 

1250 1260 1270 1280 

I I I L. 

1241 CCCTGCAGTCCGGATACTCACGCCAGAAGTGCGGCTGGGAb2 
1241 CCCTGCAGTCCGGATACTCACGCCAGAAGTGCGGCTGGGA hi 
482 CCCTGCAGTCCGGATACTCACGCCAGAAGTGCGGCTGGGAu2 
321 CCCTGC AGTCCGGATACTCAC6CCAGAAGTGCGGCTGGGA £1 
266 CCCTGCAGTCCGGATACTCACGCCAGAAGTGCGGCTGGGAC13 

268 CCCTGCAGTCCGGATACTCACGCCAGAAGTGCGGCTGGGAal 
259 CCCTGCAGTCCGGATACTCACGCCAGAAGTGCGGCTGGGAbl 

269 CCCTGCAGTCCGGATACTCACGCCAGAAGTGCGGCTGGGAd2 
269 CCCTGCAGTCCGGATACTCACGCCAGAAGTGCGGCTGGGAddB 

I 1 I r 

1290 1300 1310 1320 

t ' ' I- 

1281 TCCGGCGGCCACCTGCACCTGCGTATCTCTCGGGCCGCCC h2 
1281 TCCGGCGGCCACCTGCACCTGCGTATCTCTCGG6CCGCCC hi 
522 TCCGGCGGCCACCTGCACCTGCGTATCTCTCGGGCCGCCCU2 
361 TCCGGCGGCCACCTGCACCTGCGTATCTCTCGGGCCGCCC fl 
306 TCCGGCGGCCACCTGCACCTGCGTATCTCTCGGGCCGCCCCLB 
308/ TCCGGCGGCCACCTGCACCTGCGTATCTCTCGGGCCGCCC al 
299 TCCGGCGGCCACCTGCACCTGCGTATCTCTCGGGCCGCCChl 
309 TCCGGCGGCCACCTGCACCTGCGTATCTCTCGGGCCGCCCd2 
309 TCCGGCGGC'^CACCTGCACCTGCGTATCTCTCGGGCCGCCC 632 

I I I I 

1330 1340 1350 1360 

I t I I 

1321 TTCCCGAGGGGCTCCCCGAGGCCTCCCGCCTTCACCGGGC h2 
1321- TTCCCGAGGGGCTCCCCGAGGCCTCCCGCCTTCACCGGGC hi 
562. TTCCC6AGGGGCTCCCCGAGGCCTCCCGCCTTCACCGGGC u2 
40i. TTCCCGAGGGGCTCCCCGAGGCCTCCCGCCTTCACCGGGC fl 
346 TTCCCGAGGGGCTCCCCGAGGCCTCCCGCCTTCACCGGGC C13 

348 TTCCCGAGGGGCTCCCCGAGGCCTCCCGCCTTCACCGGGC al 
339 TTCCCGAGGGGCTCCCCGAGGCCTCCCGCCTTCACCGGGCbl 

349 TTCCCGAGGGGCTCCCCGAGGCCTCCCGCCTTCACCGGGC d2 
349 TTCCCGAGGGGCTCCCCGAGGCCTCCCGCCTTCACCGGGC dd2 

1 1 — — , p 

1370 1380 1390 1400 

' I L_ 1 L- 

1361 TCTGTTCCGGCTGTCCCCGACGGCGTCAAGGTCGTGGGAC b2 

1361 TCTGTTCCGGCTGTCCCCGACGGCGTCAAGGTCGTGGGAC hi 

602 TCTGTTCCGGCTGTCCCCGACGGCGTCAAGGTCGTGGGAC u2 

441 TCTGTTCCGGCTGTCCCCGACGGCGTC AAGGTCGTGGG AC fl 

386 TCTGTTCCGGCTGTCCCC0AC6GCGTCAAGGTCGTGGGAC C13 

388 TCTGTTCCGGCTGTCCCCGACGGCGTCAAGGTCGTGGGAC al 
379 TCTGTTCCGGCTGTCCCCGACGGCGTCAAGGTCGTGGGAC hi 

389 TCTGTTCCGGCTGTCCCCGACGGCGTCAAGGTCGTGGGAC d2 
389 TCTGTTCCGGCTGTCCCCGACGGC6TCAAGGTCGTGGGAC da2 
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• • I I 

1610 1620 1630 1640 
—I 1 1 L. 



1601 TCCGCTCGGGCCCGGGCGTTGCTGCCGTCTGCACACGGTC b2 
1601 TCCGCTCGGGCCCGGGCGTTGCTGCCGTCTGCACACGGTC hi 
842 TCCGCTCGGGCCCGGGCGTTGCTGCCGTCTGCACACGGTC u2 
681 TCCGCTCGGGCCCGGGCGTTGCTGCCGTCTGCACACGGTC fl 
626 TCCGCTCGGGCCCGGGCGTTGCTGCCGTCTGCACACGGTC 03 

628 TCCGCTCGGGCCCGGGCGTTGCTGCCGTCTGCACACGGTCal 
619 TCCGCTCGGGCCC6GGCGTTGCTGCCGTCTGCACACGGTC hi 

629 TCCGCTCGGGCCCGGGCGTTGCTGCCGTCTGCACACGGTC d2 
629 TCCGCTCGGGCCCGGGCGTTGCTGCCGTCTGCACACGGTCd32 

I I 1 I 

1650 1660 1670 1680 

1 I I L. 

1641 CGCGCGTCGCTGGAAGACCTGGGCTGGGCCGATTGGGTGC h2 
1641 CGCGCGTCGCTGGAAGACCTGGGCTGGGCCGATTGGGTGC hi 
882 CGCGCGTCGCTGGAAGACCTGGGCTGGGCCGATTGGGTGC u2 
721 CGCGCGTCGCTGGAAGACCTGGGCTGGGCCGATTGGGTGC fl 
666 CGCGCGTCGCTGGAAGACCTGGGCTGGGCCGATTGGGTGC 03 

668 C'GCGCGTCGCTGGAAGACCTGGGCTGGGCCGATTGGGTGCal 
659 CGCGCGTCGCTGGAAGACCTGGGCTGGGCCGATTGGGTGCbL 

669 CGCGCGTCGCTGGAAGACCTGGGCTGGGCCGATTGGGTGC 62 
669 CGCGCGTCGCTGGAAGACCTGGGCTGGGCCGATTGGGTGCd32 

I 1 1 T 

1690 1700 1710 1720 

I I I I- 

1681 TGTCGCCACGGGAGGTGCAAGTGACCATGTGCATCGGCGC h2 
1681 TGTCGCCACGGGAGGTGCAAGTGACCATGTGCATCGGCGC hi 
922 TGTCGCCACGGGAGGTGCAAGTGACCATGTGCATCGGCGC u2 
761 TGTCGCCACGGGAGGTGCAAGTGACCATGTGCATCGGCGC fl 
706 TGTCGCCACGGGAGGTGCAAGTGACCATGTGCATCGGCGC03 

708 TGTCGCCACGGGAGGTGCAAGTGACCATGTGCATCGGCGC al 
699 TGTCGCCACGGGAGGTGCAAGTGACCATGTGCATCGGCGC hi 

709 TGTCGCCACGGGAGGTGCAAGTGACCATGTGCATCGGCGC d2 
709 TGTCGCCACGGGAGGTGCAAGTGACCATGTGCATCGGCGC 662 

i I \ r 

1730 1740 1750 1760 

' ' « u 

1721 GTGCCC6AGCCAGTTCCGGGCGGCAAACATGCAC.GCGCAG h2 
1721 GTGCCCG AGCC AGTTCCGGGCGGC AAACATGCACGCGCAG hi 
962 GTGCCCGAGCCAGTTCCGGGCGGCAAACATGCACGCGCAGU2 
801 GTGCCCGAGCCAGTTCCGGGCGGCAAACATGCACGCGCAG fl 
746 GTGCCCGAGCCAGTTCCGGGCGGCAAACATGCACGCGCAG03 

748 GTGCCCGAGCCAGTTCCGGGCGGCAAACATGCACGCGCAG al 
739 GTGCCCGAGCCAGTTCCGGGCGGCAAACATGCACGCGCAGbl 

749 GTGCCCGAGCCAGTTCCGGGCGGCAAACATGCACGCGCAG 62 
749 GTGCCCGAGCCAGTTCCGGGCGGCAAACATGCACGCGCAGdd2 

I I ■ I 

1770 1780 1790 1800- 

I I —J U 

1761 ATCAAGACGAGCCTGCACCGCCTGAAGCCCGACACGGTGC b2 
1761 ATCAAGACGAGCCTGCACCGCCTGAAGCCCGACACGGTGC hi 
1002 ATCAAGACGAGCCTGCACCGCCTGAAGCCCGACACGGTGC u2 
841 ATC AAGACG AGCCTGC ACCGCCTGAAGCCCGAC ACGGTGC fl 
786 ATCAAGACGAGCCTGCACCGCCTGAAGCCCGACACGGTGC 03 

788 ATCAAGACGAGCCTGCACCGCCTGAAGCCCGACACGGTGC al 
779 ATCAAGACGAGCCTGCACCGCCTGAAGCCCGACACGGTGCbl 

789 ATCAAGACGAGCCTGCACCGCCTGAAGCCCGACACGGTGC d2 
789 ATCAAGACGAGCCTGCACCGCCTGAAGCCCGACACGGTGCdE 
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III* 
1810 1820 1830 1840 

I l1 ' L. 

1801 CAGCGCCCTGCTGCGTGCCCGCCAGCTACAATCCCATGGT b2 
1801 CAGCGCCCTGCTGCGTGCCCGCCAGCTACAATCCCATGGT hi 
1042 CAGCGCCCTGCTGCGTGCCCGCCAGCTACAATCCCATGGT u2 
881 CAGCGCCCTGCTGCGTGCCCGCCAGCTACAATCCCATGGT fl 
826 CAGCGCCCTGCTGCGTGCCCGCCAGCTACAATCCCATGGTC13 

828 CAGCGCCCTGCTGCGTGCCCGCCAGCTACAATCCCATGGTal 
819 CAGCGCCCTGCTGCGTGCCCGCCAGCTACAATCCCATGGThl' 

829 CAGCGCCCTGCTGCGTGCCCGCCAGCTACAATCCCATGGTd2 
829 CAGCGCCCTGCTGCGTGCCCGCCAGCTACAATCCCATGGTddB 

1 1 — 1 r 

1850 1860 1870 1880 

I I — > «- 

1841 GCTCATTCAAAAGACCGACACCGGGGTGTCGCTCCAGACC b2- 
1841 GCTCATTCAAAAGACCGACACCGGGGTGTCGCTCCAGACC hi 
1082 GCTCATTCAAAAGACCGACACCGGG6TGTCGCTCCAGACC u2 
921 GCTCATTCAAAAGACCGACACCGGGGTGTCGCTCCA6ACC £1 
866 GCTCATTCAAAAGACCGACACCGGGGTGTCGCTCCAGACCC13 

868 GCTCATTCAAAAGACCGACACCGGGGTGTCGCTCC'AGACCal 
859 GCTCATTCAAAAGACCGACACCGGGGTGTCGCTCCAGACCbl 

869 GCTCATTCAAAAGACCGACACCGGGGTGTCGCTCCAGACCd2 
869 GCTCATTCAAAAGACCGACACCGGGGTGTCGCTCCAGACCda2 

. , T 1 r 

1890 1900 1910 1920 
. I I 1 1- 

1881 TATGATGACTTGTTAGCCAAAGACTGCCACTGCATATGAG b2 
1881 TATGATGACTTGTTAGCCAAAGACTGCCACTGCATATGAG hi 
1122 TATGATGACTTGTTAGCCAAAGACTGCCACTGCATATGAG u2 
961 TATGATGACTTGTTAGCCAAAGACTGCCACTGCATATGAG fl 
906 TATGATGACTTGTTAGCCAAAGACTGCCACTGCATATGAGC13 

908 TATGATGACTTGTTAGCCAAAGACTGCCACTGCATATGAGal 
899 TATGATGACTTGTTAGCCAAAGACTGCCACTGCATATGAGbl 

909 TATGATGACTTGTTAGCCAAAGACTGCCACTGC ATATGAG 62 
909 TATGATGACTTGTTAGCCAAAGACTGCCACTGCATATGAGdd2 

, r 1 r 

1930 1940 1950 I960 



1921 CAGTCCTGGTCCTTCCACTGTGCACCTGCGCGGAGGACGC h2 
1921 CAGTCCTGGTCCTTCCACTGTGCACCTGCGCGGAGGACGC hi 
1162 CAGTCCTG GTC C TTC C ACTGTGC ACCTGCGCGGLbIgG AlflGC u2 
1001 CAGTCCTGGTCCTTCCACTGTGCACCTGCGCGGGGGAG6C fl 
946 CAGTCCTGGTCCTTCCACTGTGCACCTGCGCGGGGGAGGCC13 

948 C AG T C C TG G TC C T T C C A C TG T G C A C C T GC G C G G G GG AG G C al 
939 CAGTCCTGGTCCTTCCACTGTGCACCTGCGCGGAGGACGCbl 

949 CAGTCCTGGTCCTTCCACTGTGCACCTGCGCGGAGGACGCd2 
949 CAGTCCTGGTCCTTCCACTGTGCACCTGCGCG gIaIg G AlgG C 

, 1 -I r 

1970 1980 ■ 1990 2000 

I ' ' ' 

1961 GACCTCAGTTGTCCTGCCCTGTGGAATGGGCTCAAGGTTC h2 
1961 GACCTCAGTTGTCCTGCCCTGTGGAATGGGCTCAAGGTTC hi 
1202 GACCTCAGTTGTCCTGCCCTGTGGAATGGGCTCAAGGTTC u2 
1041 GACCTCAGTTGTCCTGCCCTGTGGAATGGGCTCAAGGTTC fl 
986 GACCTCAGTTGTCCTGCCCTGTGGAATGGGCTCAAGGTTCC13 

988 GACCTCAGTTGTCCTGCCCTGTGGAATGGGCTCAAGGTTC al 
979 GACCTCAGTTGTCCTGCCCTGTGGAATGGGCTCAAGGTTChl 

989 GACCTCAGTTGTCCTGCCCTGTGGAATGGGCTCAAGGTTCd2 
989 GACCTCAGTTGTCCTGCCCTGTGGAATGGGCTCAAGGTTCddE 
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2010 2020 2030 2040 

' 1 ' ■ 

2001 CTGAGACACCCGATTCCTGCCCAAACAGCTGTATTTATAT b2 
2001 CTGAGACACCCGATTCCTGCCCAAACAGCTGTATTTATAT hi 
1242 CTGAGACACCCGATTCCTGCCCAAACAGCTGTATTTATAT u2 
1081 CTGAGACACCCGATTCCTGCCCAAACAGCTGTATTTATAT fl 
1026 CTGAGACACCCGATTCCTGCCCAAACAGCTGTATTTATAT 012 
1028.C TG aSaC ACCCG ATTCCTGC C C A A AC AGCTGTATTTAT AT al 
1019 CTGAGACACCCGATTCCTGCCCAAACAGCTGTATTTATAT bl 
1029 CTGAGACACCCGATTCCTGCCCAAACAGCTGTATTTATAT 62 
1029 CTGAGACACCCGATTCCTGCCCAAACAGCTGTATTTATAT dE 

1 1 1 r 

2050 2060 2070 2080 

1 1 I L. 

2041 AAGTCTGTTATTTATTATTAATTTATTGGGGTGACCTTCT h2 
2041 AAGTCTGTTATTTATTATTAATTTATTGGGGTGACCTTCT hi 
1282 AA.GTCTGTTATTTATTATTAATTTATTGGGGTGACCTTCT \j2 
1121 AAGTCTGTTATTTATTATTAATTTATTGGGGTGACCTTCT fl 
1066 AAGTCTGTTATTTATTATTAATTTATTGGGGTGACCTTCT 03 

1068 AAGTCTGTTAtTTATTATTAATTTATTGGGGTGACCTTCT al 
1059 AAGTCTGTTATTTATTATTAATTTATTGGGGTGACCTTCT bl 

1069 AAGTCTGTTATTTATTATTAATTTATTGGGGTGACCTTCT 62 
1069 AAGTCTGTTATTTATTATTAATTTATTGGGGTGACCTTCT d32 

1 I I r 

2090 2100 2110 2120 

1 1 t L. 

2081 TGGGGACTCGGGGGCTGGTCTGATGGAACTGTGTATTTAT h2 

2081 TGGGGACTCGGGGGCTGGTCTGATGGAACTGTGTATTTAT hi 

1322 TGGGGACTCGGGGGCTGGTCTGATGGAACTGTGTATTTAT u2 

1161 TGGGGACTCGGGGGCTGGTCTGATGGAACTGTGTATTTAT fl 

1106 TGGGGACTCGGGGGCTGGTCTGATG6AACTGTGTATTTAT C13 

1108 TGGGGACTCGGGGGCTGGTCTGATGGAACTGTGTATTTAT al 
1099 TGGGGACTCGGGGGCTGGTCTGATGGAACTGTGTATTTAT bl 

1109 TGGGGACTCGGGGGCTGGTCTGATGGAACTGTGTATTTAT 62 
1109 TGGGGACTCGGGGGCTGGTCTGATGGAACTGTGTATTTAT 662 

1 1 1 T 

2130 2140 2150 2160 

I I I L. 

2121 TTAAAACTCTGGTGATAAAAATAAAGCTGTCTGAACTGTT b2 
2121 TTAAAACTCTGGTGATAAAAATAAAGCTGTCTGAACTGTT hi 
1362 TTAAAACTCTGGTGATAAAAATAAAGCTGTCTGAACTGTT u2 
1201 TTAAAACTCTGGTGATAAAAATAAAGCTGTCTGAACTGTT fl 
1146 TTAAAACTCTGGTGATAAAAATAAAGCTGTCTGAACTGTT C13 

1148 TTAAAACTCTGGTGATAAAAATAAAGCTGTCTGAACTGTT al 
1139 TTAAAACTCTGGTGATAAAAATAAAGCTGTCTGAACTGTT bl 

1149 TTAAAACTCTGGTGATAAAAATAAAGCT6TCTGAACTGTT 62 
1149 TTAAAACTCTGGTGATAAAAATAAAGCTGTCTGAACTGTT d32 

I 1 i T 

2170 ' 2180 2190 2200 

I I 1 1- 

2161 AAAAA AAA AAA A AAA A A b2 
2161 AAAAAAAAAAAAAAAAAA hi 
1402 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA u2 
1241 AAAAAAAAAAAAAAAA fl 
1186 AAAA AAAAA A A AAA A A A C13 

1188 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA al 
1179 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA bl 

1189 AAAAAAAAAAAAAAAAA 62 
U89 AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA da2 
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I I I 

2210 2220 2230 

2177 b2 

2178 hi 
1442 AAAAAAAAAAAAAAA \j2 
1256 ' £1 
1202 C13 

1228 AAAAAAAAAA al 
121S AAAAAAAAAAAAAAAAAAAANAAAANAAAAAAA hi 
1205 d2 

1229 AAAAAAAAAAAAAAAAAAAAAAAAA dd2 
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10 20 30 ^ 

I - I I L. 

1 MPGQELRTLNGSQMLLVLLVLSWLPHGGALSLAEASRASF C13 

1 MPGQEIiRTLNGSQMLLVLLVLSWLPHGGALSLABASR'ASF al 

1 MPGQELRtMnGSQMLLVLLVLSWLPHGGALSLAEAS RASF hi 

1 MPGQELRTVNGSQMLLVLLVLSWLPHGGALSLAEASRASF h2 

1 MPGQELRTVNGSQMLLVLLVLSWLPHGGALSLAEASRASF 62 

1 MPGQELR tIvIn G SQMLLVLLVLSWLPHGGALSLAEASRASF dd2 

1 MPGQELRTLNGSQMLLVLLVLSWLPHGGALSLAEASRASF fl 

1 mpgqelrtR^^tgsqmllvllvlswlphggalslaeasrasf hi 
1 mpgqelrtMngsqhllvllvlswlphggalslaeasrasf u2 

1 1 1 r 

50 a) TO 80 

1 1 1 L 

41 PGPSELHTEDSRFRELRKRYEDLLTRLRANQSWEDSNTDLC13 



41 PGPSELH 
41 PGPSELH 



41 PGPSELHSEDSRFRELRKRYEDLLTRLRANQSWEDSNTDIib2 



41 PGPSELH 

41 PGPSELH 

41 PGPSELHS 

41 PGPSELHS 



EDSRFRELRKRYEDLLTRLRANQSWEDSNTDL al 
SEDSRFRELRKRYEDLLTRLRANQSWEDSNTDL bl 



SlEDSRFRELRKRYEDLLTRLRANQSWEDSNTDLcG 
EDSRFRELRKRYEDLLTRLRANQSWEDSNTDL da2 
EDSRFRELRKRYEDLLTRLRANQSWEDSNTDL fl 
EDSRFRELRKRYEDLLTRLRANQSWEDSNTDL hi 



41 PG P SELHLSlEDS RFRELRKRYEDLLTRLRANQS WEDSNTDL ll2 

I I i r 

90 100 no 120 

1 I I I- 

81 VPAPAVRILTPEVRLGSGGHLHLRISRAALPEGLPEASRLC13 
81 VPAPAVRILTPEVRLGSGGHLHLRISRAALPEGLPEASRLal 
a VPAPAVRILTPEVRLGSGGHLHLRISRAALPEGLPEASRLbl 
81 VPAPAVRILTPEVRLGSGGHLHLRISRAALPEGLPEASRLte 
81 VPAPAVRILTPEVRLGSGGHLHLRISRAALPEGLPEASRLd2 
81 VPAPAVRILTPEVRLGSGGHLHLRISRAALPEGLPEASRLdd2 
81 VPAPAVRILTPEVRLGSGGHLHLRISRAALPEGLPEASRL £1 
83. VPAPAVRILTPEVRLGSGGHLHLRISRAALPEGLPEASRL hi 
81 VPAPAVRILTPEVRLGSGGHLHLRISRAALPEGLPEASRLU2 

I i 1 I 

130 140 150 160 

I I I i- 

121HRALFRLSPTASRSWDVTRPLRRQLSLARPQAPALHLRLS 03 
121HRALFRLSPTASRSWDVTRPLRRQLSLARPQAPALHLRLS al 
121 HRALFRLSPTASRSWDVTRPLRRQLSLARPQAPALHLRLS bl 
121HRALFRLSPTASRSWDVTRPLRRQLSLARPQAPALHLRLS b2 
121HRALFRLSPTASRSWDVTRPLRRQLSLARPQAPALHLRLS 62 
121 HRALFRLSPTASRSWDVTRPLRRQLSLARPQAPALHLRLS d32 
121HRALFRLSPTASRSWDVTRPLRRQLSLARPQAPALHLRLS fl 
121 HRALFRLSPTASRSWDVTRPLRRQLSLARPQAPALHLRLS hi 
121HRALFRLSPTASRSWDVTRPLRRQLSLARPQAPALHLRLS u2 

1 1 1 T 

170 180 190 200 

' ' I I u 

161 PPPSQSDQLLAESSSARPQLELHLRPQAARGRRRARARNG C13 
161 PPPSQSDQLLAESSSARPQLELHLRPQAARGRRRARARKG al 
161 PPPSQSDQLLAESSSARPQLELHLR.PQAARGRRRARARNG hi 
161 PPPSQSDQLLAESSSARPQLELHLR 'QAARGRRRARARNG h2 
161 PPPSQSDQLLAESSSARPQLELHLRPQAARGRRRARARNG 62 
161 PPPSQSDQLLAESSSARPQLELHLRPQAARGRRRARARNG d32 
161 FPPSQSDQLLAESSSARPQLELHLRPQAARGRRRARARNG fl 
161 PPPSQSDQLLAESSSARPQLELKLRPQAARGRRRARARNG hi 
161 PPPSQSDQLLAESSSARPQLELHLRPQAARGRRRARARNG u2 
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220 
I 



230 



240 



201 dhcplgpgrccrlhtvrasledlgwadwvlsprevqvtmc (33 
201 d0cplgpgrccrlhtvrasledlgwadwvlsprevqvtmc al 
201 dhcplgpgrccrlhtvrasledlgwadwvlsprevqvtmc bl 
201 dhcplgpgrccrlhtvrasledlgwadwvlsprevqvtmc 12 
201 dhcplgpgr'ccrlhtvrasledlgwadwvlsprevqvtmc 62 
201 dhcplgpgrccrlhtvrasledlgwadwvlsprevqvtmc da2 
201 dI^cplgpgrccrlhtvrasledlgwadwvlsprevqvtmc £1 
201 dhcplgpgrccrlhtvrasledlgwadwvlsprevqvthc hi 
201 dhcplgpgrccrlhtvrasledlgwadwvlsprevqvtmc u2 



250 
I 



260 



270 
i 



280 

L. 



241 IGACPSQFRAANMHAQIKTSLHRLKPDTVPAPCCVPASYNC13 
241 IGACPSQFRAANMHAQIKTSLHRLKPDTVPAPCCVPASYN al 
241 IGACPSQFRAANMHAQIKTSLHRLKPDTVPAPCCVPASYNhl 
241 IGACPSQFRAANHHAQIKTSLHRLKPDTVPAPCCVPASYNbS 
241 IGACPSQFRAANMHAQIKTSLHRLKPDTVPAPCCVPASYN cC 
241'IGACPSQFRAANMHAQIKTSLHRLKPDTVPAPCCVPASYN 
241 IGACPSQFRAANMHAQIKTSLHRLKPDTVPAPCCVPASYN fl 
241 IGACPSQFRAANMHAQIKTSLHRLKPDTVPAPCCVPASYNhl 
241 IGACPSQFRAANMHAQIKTSLHRLKPDTVPAPCCVPASYNu2 
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PMVLIQKTDTGVSLQTYDDLLAKDCHCI 
PMVLIQKTDTGVSLQTYDDLLAKDCHCI 
PMVLIQKTDTGVSLQTYDDLLAKDCHCI 
PMVLIQKTDTGVSLQTYDDLLAKDCHCI 
PMVLIQKTDTGVSLQTYDDLLAKDCHCI 
PMVLIQKTDTGVSLQTYDDLLAKDCHCI 
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Decxsration 'Decoration #1* : Box residues that differ fraa C13protseq.def . 
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NUCtFQTIDE SFQUFNCF 

1 10 I 20 I 30 t 40 
1 GCTAGCGCCA TGGATTACTA CAGAAAATAT GCAGCTATCT 
81 CGCTCCTGAT GAATTCCACC ACCACCACCA CCTGGTGCCC 
161 CCTCC6TGGC GCGCAACG66 GACCACTGTC CGCTCG66CC 
241 6AAGACCT6G GCTGGGCCGA TTGGGTGCTG TC6CCACGGG 
321 GTTCCGGGCG GCAAACATGC ACGCGCAGAT CAAGACGAGC 
401 GCGTGCCCGC CAGCTACAAT CCCAT6GTGC TCATTCAAAA 
461 TTAGCCAAAG ACTGCCACTG CATATGACTC GAG 

1 10 I 20 I 30 (40 



i 50 I 60 i 70 I 80 
TTCTGGTCAC ATTGTCGGT6 HTCTGCATG TTCTCCATTC 80 
CGCGGCTCC6 ACTACAAGGA CGAC6ACGAC AAGCTCCGCG 160 
CGGGCGTTGC TGCCGTCT6C ACACGGTCCG CGCGTCGCT6 240 
AGGTGCAAGT GACCATGTGC ATCG6C6CGT GCCCGAGCCA 320 
CTGCACCGCC TGAAGCCCGA CACGGTGCCA GCGCCCTGCT 400 
GACCCACACC GGGGTGTCGC TCCAGACCTA TGATGACTTG 480 

513 

(50 1 60 ( 70 ( 80 



TRANRIATFQ PROTFTN SFQUFNCF 

I 10 I 20 I 30 I 40 I 50 I 60 I 70 I 80 



1 LEKREHHHHH LVPRGSfTmLDDDiaRASVA RNGOHCPLGP GRCCRLHTVR ASLEDLGWAO WVLSPREVQV TMCIGACPSO 80 

81 FRAANNHAQI KTSLHRLKPO TVPAPCCVPA SYNPMVLIQK TOTGVSLQTY OOLLAKDCHC I • 142 
i 10 I 20 I 30 (40 I 50 (60 (70 (80 



underline > FLAG epitope 

=— ■ PKA site 

4 " yeost signol sequence cleovoge site amino ocid 5 

* " stop codon 

I 1 • motif of 5 HIS residue* for binding to metol chelote column 

coding region for blooctive port of clone 13 commences with omlno ocid 30 

LVPRGS * this sequence from amino oc Ids 11-16 represents thrombin cleovoge site 



FIGURE 21 



wo 97/00958 



PCT/AU9fiA)0386 



34/34 





FIGURE 22 



